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BIOGRAPHICAL NOTE 
PTOLEMY, A.D. c.100-c.178 


THE life of Claudius Ptolemaeus is almost en- 
tirely unknown despite his fame as an as- 
tronomer and geographer. What little can be 
said of his personal history has to be pieced to- 
gether from indications in his writings, two 
ancient scholia, and brief notices by much later 
writers, some of them Arabian. From these it 
appears that Ptolemy was born at Ptolemais 
Hermii, a Grecian city of the Egyptian The- 
baid; even this is not certain, since another 
early source gives his birth-place as Pelusium. 
His work is traditionally associated with Alex- 
andria, but according to one scholium, he de- 
voted his life to astromony and lived for forty 
years at Canopus, about fifteen miles east of 
the capital. Ptolemy himself notes that he 
made his observations “‘in the parallel of Alex- 
andria.”’ The dates of his birth and death are 
also uncertain. His observations recorded in 
the Almagest extend from a.p. 127 to 151; the 
Arabic writers claim that he lived to the age of 
seventy-eight; from this evidence it is inferred 
that Ptolemy’s life covered the first three 
quarters of the second century and the reigns 
of Trajan, Hadrian, Antoninus Pius, and Mar- 
cus Aurelius. There seems to be no basis for 
the claim once made that he was related to the 
royal house of the Ptolemies. 

From his writings it is evident that Ptolemy 
knew well the work of his predecessors, and 
most of what is now known about ancient 
astronomy owes its preservation to him. 
He was particularly indebted to Hipparchus 
(c. 130 B.c.), “that enthusiastic worker and 
lover of truth,” whom Ptolemy considered 
his master. From his own observation he was 
able to add to the records compiled by prior 
astronomers; he increased by several hundred 
stars the list drawn up by Hipparchus. His 
discoveries are said to have been inscribed on 
pillars erected in the temple of Serapis at 
Canopus. 


Ptolemy’s fame as an astronomer rests chief- 
ly upon the Almagest. This work was originally 
known as The Mathematical Composition, but 
after it had come to be used as a text in as- 
tronomy, it was called The Great Astronomer to 
distinguish it from a collection known as The 
Tittle Astronomer. The Arabs called it “The 
Greatest,” prefixing the article al to the Greek 
megiste, and ever since it has been known as 
the Almagest. 

In addition to his great work, Ptolemy com- 
posed many shorter books dealing with the 
heavens. In his Hypothesis on the Planets he 
provided a summary of part of the Almagest 
and a brief statement of the principal theories 
explaining the motion of the heavenly bodies. 
He drew up a list of annual sidereal phenomena 
and also a chronological table of Assyrian, Per- 
sian, Greek, and Roman kings for use in reck- 
oning the lapse of time between an event and 
a given fixed date. The two astrological writ- 
ings, the Tetrabiblon (or Quadripartitum) and 
the Centiloquium, are usually attributed to 
Ptolemy, although their authenticity has 
sometimes been doubted. Of his other mathe- 
matical works, the most important are the 
Harmonica, a treatise on music, and the Optics, 
which is apparently the first recorded attempt 
at a theory of refraction of luminous rays 
through media of different densities. 

After the Almagest, Ptolemy’s most impor- 
tant work is his Guide to Geography, the most 
comprehensive and scientific work of antiquity 
on the subject. It consists largely of a tabula- 
tion of places with their latitude and longitude, 
but it also contains an estimate of the size and 
extent of the “inhabited world” and a discus- 
sion of map-making. The Guide came to be for 
geography what the Almagest was for astrono- 
my, and until well into the Renaissance, Ptol- 
emy was hardly less celebrated as a geographer 
than as an astronomer. 


aTOV. JADIATANDOTa 
8¥1.9-00!.9,.d.4 — | “he 


-teitly eizo1 tomonorsae a8 28 satel a'yerslodT 
_ yllenigizo enw stow zidT Aesgnani kh odé coqu yl 
did worttaoqawo') JnsitomedioM sA't ae awoad 
“88 ai ixot a en bees ed of smoo bad Ji wits 
ot ~emmosotia hk inet) stl holizo aew Ji .yoronott 
oT es awood aoitdolios 2 mort Ji deinyaiteth 
ef T™ ti helleo adaiA sdT cosmonoweh altel 
dear) oli of Ip oloidte old guizitoiy “ teot.sow 
ae awoudl need esd Ji eonia 1ove Dera ,slargane 
Azsyosnl A odd 

-mo03 yarolot alow Jeom eid of aoitibbe al 
edd ddtw -giilreb adtood tstoda yaem beeoq 
ofl stasnIS s&t sco stesdiogy lh aid ol .ecovesd 
Yeagondh odd to d1eq lo wisatawe « bebivorq 
apitoords leqionizq orld to suematete loiid 2 bas 
wsibod yinovaed odt to noisjom sd} gniaialqxe 
ansmoneda Instebie lauane io dail g qu wotb eH 
Be 3 nar yeal. lo sided Ieoigolonotdo 2 ale bas 
doar i 900-101 egaid namofl bae door) .caie 
bas iaeve ae asewied emis to saqel odd gaino 
-titw owt sdT .otah bexit asvig s 
baa ( to) nxoldsdotist add aya 
DMS cae wes pottcntiaonls ia 
ead ysividdedive tis} dyvodile ,yaslotT 
-edipur ioilio zid 10 .beidueb ased eamidemoe 
od¢ o1e inetioqmi dgom od eottiow lasidacm 
- gosgQ old bas oieuem oo seijzot! 2 assnorrwli 
dqmotta bebtooss Je1f oft viiaoteqae ai doidw 
eyat auoaiow! to aoitostisi 10 yioold « ts 
ssitiznoh jasishib to sibom dyyoids 

~loqani deorm e'ysolo#T Jesqneih odd tediA 
deont odd agiiqnigos?) ot shiv) etd ef dow dant 
Witpitas to Atow ofisasine bas ovigsodorq mse 
-sludst aio yloytel eteienos 31 .Asojdua odd 26 
bag sbutital tieds diiw esoalg to avid 
bate oniz odd to osaenitas 2% aniasnoo oels ti dud 
-eyvaib s bas “bisow botidadai’ odd to taotxe 
_ g0t sd 03 omes shi) oT .getidemm-qant to noie 
-on0 Tes 101 caw topnsnih. odd tedw ydqergosg 
-fosd ,eonezeinne ll oft otni flew (dan bar ym 
TedqeTg093 8 2s boterdoiss eacl ylbiad eaw yrs 
Smouctiea on en edd 


, ee ae Lo 


-i9 taomla 2i esgesnsfos‘l cuibuat) io stil aah F 


68 o8 ea oral aid stiqaeh awonday 


od aso offiil tad W .19:1q 
-0f bossigq ed of ead yroteid ‘ogee ine ee 


ow? .2gaititw eid of saoitesibni mol 
vatal dou 
di onedd3 

aiecralosd te mod esw yatalosT ted @ 
-olT asidqygd od io ylio meinet) 2 


edie gos claro AAEM ed stall 


mutenisT es sosiq-ds1id aid aovig so1u08 ino 
-z9l A ditiw bedaiooear ai drow ef 


-ob od .enuilodoe sav of gaibtoons tud ,sitbar 


yitot toi bevil bes vaomonies of sii! sid betov 
to jae eli aselti Iyode euqons) ta sgsy 
of dedi estos Yeemid ymolodd Ietiqes oft 
-x91/ io lolisteg odd af eaottevrtsado eid obam 


o12 dtesb bas ditid eid to estab odT “.einbas 
ni bebtoos1 anoiiavisedo efi .cietiooas ocala. 


edt :141 of TSE .c.. mot busdze woqomik odt 
to oge old of bevil od dads antels ersiirw oidetA 


2oditon ivitd bas ,silosloe tasiona q - 
qT siimA medi to simoe eisiitw 


borielai ei Ji oonebive aid’ mont ; ipl eerae ts 


ss1dt jai of} berveo elil e‘ymoloiT dads 
argiot odd bas yutaso bmosee oft io etsttaup 


~12M¥ bos aviT cuniaoimA asitbel .asjetT lo 
sol eized on od of eswon otolT .euilowA evo 


eld of botalet acwe | abam eoco atiels od 
gilt to seuod Leyot 
- yunolo#t sects Secaitmekaaetiew ot eal ; 


“bae .stoees09be1q atl to atow odd low won — 


jnsions tvods myonml wou ai Jakw to taom 


mid of soijeviseong aii Bowe qmonvties 
audoisqgill of 


berebienoo yenslodd mow “lio to 
aaw on coitevisedo mwo eid aor .r9deem 2 


roiiq yd boliqmes abtoo91 odd ot bbe of olde 


botbaud ine beesstont orf brgerr ri 


i Sct Sy a i all 


asw oH 
bae wdtiow oitenieuding tadd” {.0.a O81 * 


CONTENTS 


BIOGRAPHICAL NOTE 


INTRODUCTION 
ABBREVIATIONS 
BIBLIOGRAPHY 
BOOK ONE 
1. Preface 
2. On the Order of the Theorems 
3. That the Heavens Move Spherically 
4, Thatalsothe Earth, Takenasa Whole, 


is Sensibly Spherical 


. That the Earth is in the Middle of the 


Heavens 


. That the Earth has the Ratio of a 
Point to the Heavens 
. That the Earth Does Not in any Way 


Move Locally 


. That There Are Two Different Prime 


Movements in the Heavens 


. On the Particular Notions 

. On the Size of Chords in a Circle 

. Table of Chords 

. On the Arc Between the Tropics 

. Preliminaries to the Spherical Proofs 
. On the Arcs Between the Equator and 


the Ecliptic 


. Table of Obliquity 
. On Ascensions in the Right Sphere 


BOOK TWO 


. On the General Position of the In- 


habited World 


. Given the Magnitude of the Longest 


Day, How the Arcs on the Horizon 
Intercepted by the Equator and the 
Ecliptic are Given 


. How, with the Same Things Given, 


the Height of the Pole is Given, and 
Conversely 


. How One is to Calculate at What 

Places, When, and How Many Times, 
‘the Sun Comes to the Zenith. | 
. How, from Things Explained, the Ra- 


tios of the Gnomons to their Equinoc- 
tial and Tropic Shadows at Noon are 
Found 


fm oe 


aS 


34 


34 


36 


38 


38 


. Exposition of the Properties of Each 


Parallel 


. On the Co-ascensions of the Ecliptic 


and the Equator in the Oblique Sphere 


. Table of Ascensions by 10° 
. On Particular Consequences of the 


Ascensions 


. On the Angles Formed by the Ecliptic 


and the Meridian 


. On the Angles Formed by the Ecliptic 


and the Horizon 


. On the Angles and Arcs Made by the 


Ecliptic with, and on, the Circle 
through the Poles of the Horizon 


. Exposition of the Angles and Arcs by 


Parallels or Latitudes 


BOOK THREE 


. On the Year’s Magnitude 
. Table of the Sun’s Regular Movement 
. On the Hypotheses Concerning Regu- 


lar and Circular Movement 


. On the Apparent Irregularity or 


Anomaly of the Sun 


. On the Examination of Particular Sec- 


tions of the Anomaly 


. Table of the Sun’s Anomaly 
. On the Epoch of the Sun’s Mean 


Course 


. On Calculating the Sun 
. On the Inequality of Solar Days 


BOOK FOUR 


. From What Kind of Observations an 


Inquiry into the Moon Must be Con- 
ducted 


. On the Moon’s Periods of Time 
. On the Moon’s Regular Movements 


in Detail 


. Tables of the Mean Movements of the 
~ Moon 
. That, in the Case of the Simple Hy- 


pothesis of the Moon, both the Hy- 
pothesis of Eccentricity and of the 
Epicycle Produce the Same Appear- 
ances 


40 


44 
52 


56 
57 
60 


63 
69 
77 
84 
86 
93 


96 
102 


103 


104 
104 


108 
109 


112 


114 


120 


10. 


11. 


—_ 


CONTENTS 


. Demonstration of the Moon’s First 


and Simple Anomaly 


. On the Correction of the Moon’s Mean 


Movements of Longitude and Anom- 
aly 


. On the Epoch of the Moon’s Mean 


Movements of Longitude and Anom- 
aly 


. On the Correction of the Moon’s Mean 


Latitudinal Movements and their 
Epochs 

Table of the Moon’s First and Simple 
Anomaly 

That the Quantity of the Moon’s A- 
nomaly as Given by Hipparchus did 
not Differ because of the Dissimilarity 
in Hypotheses, but because of the 
Calculations 


BOOK FIVE 


. On the Construction of the Astrolabe 
. On the Hypothesis of the Moon’s 


Double Anomaly 


. On the Size of the Moon’s Solar 


Anomaly 


. On the Lunar Circle’s Ratio of Eccen- 


tricity 


. On the Inclination of the Moon’s Epi- 


cycle 


. How the Moon’s True Course is Got- 


ten Geometrically from its Periodic 
Movements 


. Construction of the Table of General 


Lunar Anomaly 


. Table of the General Lunar Anomaly 
. On General Calculations of the Moon 
. Thatno Appreciable Difference is Pro- 


duced at the Syzygies by the Moon’s 
Eccentric Circle 


. On the Moon’s Parallaxes 
. On the Construction of an Instrument 


for Determining Parallaxes 


. Demonstration of the Moon’s Dis- 


tances 


. On the Magnitude of the Apparent 


Diameters of the Sun, Moon, and 
Shadow during the Syzygies 


. On the Sun’s Distance and Demon- 


strations Related Thereto 


. On the Magnitudes of the Sun, Moon, 


and Earth 


. On the Particular Parallaxes of the 


Sun and Moon 


123 


134 


134 


135 


139 


139 


143 


167 


18. Parallactic Table 
19. On the Determination of Parallaxes 


BOOK SIX 


. On Conjunctions and Full Moons 

2. Construction of the Tables of the 
Mean Syzygies 

3. Tables: Of Conjunctions: of Full 
Moons; Yearly Surpluses at Conjunc- 
tions and Full Moons 

4. How to Locate the Periodic and True 
Syzygies 

5. On the Ecliptic Limits of the Sun 
and Moon 

6. On the Interval of Ecliptic Months 

7. Construction of Ecliptic Tables 

8. Tables: Of Solar and Lunar Eclipses; 


b— 


182 
183 
189 


189 


191 
194 
195 


198 
203 


Table of Correction; Table of Sun’s . 


and Moon’s Magnitude 
9. Determination of Lunar Eclipses 
. Determination of Solar Eclipses 
. On the Directions in the Eclipses 
. Exposition of the Diagrams for the 
Directions 
. Determination of Directions 


BOOK SEVEN 


1. That the Fixed Stars Always Keep the 
Same Position with Respect to Each 
Other . 

2. That the Sphere of the Fixed Stars 
Makes a Movement Eastward on the 
Keliptic 

3. That the Eastward Movement of the 
Sphere of the Fixed Stars Takes Place 
About the Pole of the Ecliptic 

4. Onthe Manner of Recording the Fixed 
Stars 

5. Tabular Exposition of the Constella- 
tions of the Northern Hemisphere 


BOOK EIGHT 


1. Tabular Exposition of the Constella- 
tions of the Southern Hemisphere 

2. On the Position of the Milky Way 

3. On the Construction of the Solid 
Sphere 

4, On the Configurations Proper to the 
Fixed Stars 

5. On the Co-risings, Co-culminations, 
and Co-settings of the Fixed Stars 

6. On the Heliacal Risings and Settings 

, of the Fixed Stars 


211 
213 
215 
217 


221 


221 


223 


226 


227 
233 


234 


247 


298 


261 
263 


266 


, 267 


Ny. 


rr. 


CoN 


10. 


. Demonstration of Venus’ Apogee 
. On the Magnitude of its Epicycle 
. On the Ratios of the Star’s Eccentric- 


CONTENTS 
4. 


BOOK NINE 


. Concerning the Order of the Spheres 


of the Sun and Moon and Five Planets 270 


. On the Aim of the Planetary Hypoth- 


eses 270 


. On the Periodic Returns of the Five 


Planets 273 


. Tables of the Mean Movements in 


Longitude and in Anomaly of the Five 


Stars 276 


. Preliminaries to the Hypotheses of the 


Five Planets 291 


. On the Mode and Difference of these 


Hypotheses 292 


. Demonstration of Mercury’s Apogee 


and of its Shift 296 


. That Mercury also Becomes Twice 


Perigee in One Revolution 299 


. On the Ratio and Magnitude of Mer- 


cury’s Anomalies 300 
On the Correction of Mercury’s Peri- 
odic Movements 

On the Epoch of its Periodic Move- 


ments 


305 
311 


BOOK TEN 


312 
313 


ity 314 


. On the Correction of the Star’s Peri- 


odic Movements 316 


. On the Epoch of its Periodic Move- 


ments 321 


. Preliminaries to the Demonstrations 


Concerning the Other Stars O22 


. Demonstration of Mars’ Eccentricity 


and Apogee 324 


. Demonstration of the Magnitude of 


Mars’ Epicycle 339 


. On the Correction of Mars’ Periodic 


Movements 342 
On the Epoch of its Periodic Move- 


ments 345 


BOOK ELEVEN 


. Demonstration of Jupiter’s Eccentric- 


ity 346 


. Demonstration of the Size of Jupiter’s 


Epicycle 358 


- On the Correction of Jupiter’s Peri- 


odic Movement 361 


5. 


i 
12. 


i). 


o> or 


eee 


On the Epoch of Jupiter’s Periodic 
Movements 

Demonstration of Saturn’s Eccentric- 
ity and Apogee 


363 


364 


. Demonstration of the Size of Saturn’s 


Epicycle 377 


. On the Correction of Saturn’s Peri- 


odic Movements 379 


. On the Epoch of Saturn’s Periodic 


Movements 382 


. How the True Passages are Gotten 


Geometrically from the Periodic 


Movements 382 


. Treatment of the Construction of 


383 
386 


Tables for the Anomalies 

Tables for the Anomalies 

On Calculating the Longitudes of the 
Five Planets 


BOOK TWELVE 


385 


. On the Preliminaries to the Regres- 


sions 391 


. Demonstration of Saturn’s Regres- 


sions 397 


. Demonstration of Jupiter’s Regres- 


sions 403 


. Demonstration of Mars’ Regressions 405 
. Demonstration of Venus’ Regressions 408 
. Demonstration of Mercury’s Regres- 


sions 41] 


. Construction of a Table for the Sta- 


tions 414 


. Numbers of Anomaly Truly Deter- 


mined 418 


. Demonstration of Venus’ and Mer- 


cury’s Greatest Elongations from the 
Sun 

Greatest Elongations with Respect to 
the True Sun 


BOOK THIRTEEN 


419 


425 


. On the Hypotheses for the Latitudinal 


Passages of the Five Planets 426 


. On the Manner of the Movement of 


the Obliquities and Slantings accord- 


ing to the Hypotheses 428 


. On the Size of Each of the Obliquities 


and Slantings 429 


. Construction of Tables for Particular 


Latitudinal Passages 432 


. Exposition of the Tables of Latitude 456 
. Calculus of the Latitudinal Deviation 


of the Five Planets 458 


xiv 
7. On the Heliacal Risings and Settings 
of the Five Planets 
8. That the Particularities of the Heli- 
acal Risings and Settings of Venus 
and Mercury Agree with the Hypoth- 
eses 
9. The Method for the Particular Dis- 
tances from the Sun of the Risings 
and Settings 
10. Exposition of the Tables Containing 
the Heliacal Risings and Settings of 
the Five Planets 
11. Epilogue 


458 


461 
464 


465 
465 


i 


Be 


CONTENTS 


APPENDIX A 


Ptolemaic Dates, the Era of Nabonas- 
sar, and the Christian Era 
Equivalent Modern Terms for De- 
termining the Positions of Stars, and 
for the Solar and Lunar Cycles 


APPENDIX B 


The Passage from the Ptolemaic to 
the Copernican System, and thence to 
that of Kepler 470 


APPENDIX C 477 


466 


468 


INTRODUCTION 


The Mathematical Composition of Claudius Ptolemy in thirteen books, called 
also by an Arabic transliteration of 4 pe8lorn [ovvratis] The Almagest, is the only 
completely comprehensive treatise of Greek astronomy to come down to us, if 
we except Aristarchus’ On the Sizes and Distances of the Sun and Moon, a com- 
plete and remarkable mathematical treatment of a very limited astronomical 
subject. The works of the greatest Greek astronomers—Eudoxus, Heraclides 
of Pontus, Aristarchus of Samos, Apollonius of Perga, and Hipparchus—are 
lost for the most part, and we only know their contents from this treatise and 
other very meagre sources. For detail, completeness, and perfection, the Com- 
position of Ptolemy might be said to contain all those which preceded it; its pre- 
diction of the phenomena is on the whole as adequate as the instruments used— 
they were surprisingly accurate—could possibly allow for. But its perfection is 
such that it often covers up the modes of discovery, and its geocentric theory 
is propounded with only the barest references to its heliocentric opponents. 

The Composition more or less dates itself. In Book x1, chapter 5, Ptolemy 
says he observed Saturn, 7 Pachom, year 11 of Hadrian; and although he does 
not directly attribute to himself the observation, it is almost certain he made 
the observation of the eclipse of the moon mentioned in Iv, 9, which took place 
17 Pachom, Hadrian 9. This last is the earliest he mentions of those which 
could have been made by himself. The latest is given in x, where Ptolemy says 
he observed Venus, 11 Thoth, Antonine 14. All the observations, therefore, 
mentioned in this book and attributable to Ptolemy himself fall between 
17 Pachom, Hadrian 9 and 11 Thoth, Antonine 14, and were made in Alexan- 
dria. It is also stated in 111, 4, that the spring equinox fell on 7 Pachom, Antonine 
3. These dates are in terms of Egyptian years and The Table of the Kings which 
are explained in Appendix A. In terms of the Christian Era and Julian years, 
historians give Hadrian’s accession as 11 Aug., A.D. 117 and his death as July, 
A.D. 138. Using the rules given in Appendix A, one concludes that the observa- 
tions made by Ptolemy and mentioned in The Composition lie between A.D. 127 
and 151. 

Book 1 deals first with the general assumptions of the science such as the 
sphericity of the earth, the earth’s size relative to the sphere of the fixed stars, 
and the geocentric hypothesis. The arguments in favour of this last are all drawn 
from Aristotelian physics, and this is almost the only place where physical 
arguments are used since the point of view is usually purely mathematical and 
fairly sophisticated about the futility of dealing otherwise with sensible ap- 
pearances. 

The geocentric theory of Ptolemy was not the only theory known to the 
Greeks nor even at times the most accepted. The Pythagoreans, prior to Plato, 
had theories involving a motion of the earth, and we know that Aristarchus of 
Samos after Plato had a heliocentric theory which in all essentials was that of 
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Copernicus. We also know that Heraclides of Pontus, a contemporary of Plato 
and a member of the Platonic Academy, placed Venus and Mercury on epi- 
cycles about the sun and supposed the earth to turn on its axis; and it is even 
likely that he had either the system of Copernicus with the sun as centre and 
the planets including the earth revolving about, or the system of Tycho Brahe 
with the planets revolving about the sun and the sun about the earth, or both 
systems. There is much dispute over Plato’s astronomical descriptions, but it is 
very possible that the T7maeus gives the outline of a heliocentric theory like 
that of Copernicus.! 

Then follows a vigorous development of those theorems in plane and spherical 
trigonometry necessary for the astronomical theories which follow. And Book 1 
ends with a determination of the inclination of the ecliptic and equator. 

Book 11 works out the co-ascensions of arcs on the ecliptic and equator for 
the oblique sphere, that is, for the horizons in different latitudes, the shadows 
of gnomons in the different latitudes, and the inclinations of different circles 
with each other in the latitudes. The reader who is out to get the larger aspects 
of the lunar and planetary theories can well afford to skip most of this Book 
and only read it when referred to later on. 

Book 111 presents the theory of the sun and its one anomaly. It is here that 
the great principle of all Greek planetary theory is laid down: all planetary ap- 
pearances must be accounted for by the uniform motion of the planet in a circle with 
or without the uniform motion of this circle’s centre on another circle. called its 
deferent, and so on to any required complication. In this Book, however, Ptolemy 
states this principle in its restricted form, the one used = Perak coe all 
planetary appearances must be accounted. for by the uniform motion of the 
planet on a circle where the motion 1s uniform with respect to the centre of that circle 
with or without the uniform motion of this circle’s centre on another circle where 
the motion of the first circle’s centre 1s uniform with respect to the centre of the 
second circle, and so on to any required complication. 

The principle in its restricted form is used by Ptolemy only for the sun. In 
Books v, 1x, and x, for the moon and other planets, he uses without preliminary 
warning the more general form of the principle which allows the centre of a 
circle to move uniformly about a point not the centre of the deferent circle. 
Such a point is called the centre of the equant. 

This principle, which might be called the law of inertia of Greek calecchiid 
mechanics, was probably first suggested by Plato in a much less dogmatic form. 
All that is seemingly implied in the dialogues is that irregular appearances of 
the planets must be supposed capable of rational explanation, and that the 
circle and uniform motion are the most likely tools for this. The system of 
Eudoxus, devised at this time, is perhaps the most rigorous application of the 
principle of uniform motion in a circle. For here the planet’s motion is composed 
of the motions of concentric spheres moving uniformly about one point, the. 
earth their common centre. From the point of view of mathematical ingenuity: 
this was the most brilliant application of the principle, but required too much 
to save the more complicated appearances; it was not flexible enough. Aristotle 
took the principle literally and therefore was led, by his theory of being and 
substance which preclude a purely mathematical physics of the Platonic kind, 
to make a radical distinction between celestial mechanics and terrestrial me- 

1See Appendix C. 
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chanics. In considering all heavenly bodies impassible (except for the fact they 
could be seen), Aristotle gave a physical and metaphysical sanction to the 
purely mathematical principle of uniform motion in a circle. He did, however, 
using Eudoxus’ system, extend his theory of the transmission of motion by 
contact to these bodies so that he assumed the movement of the outer sphere 
of the fixed stars is transmitted to the inner spheres moving the planets by 
mechanical contact. Since this transmission from one planetary sphere to 
another would involve also transmission of movements particular to the planet, 
counteracting spheres had to be introduced to differentiate out the right motion. 

Although this same physical sanction is not explicitly mentioned by Ptolemy 
in the Composition, yet it is stated in the most direct and meaningful way by 
Ptolemy in Book II of his Hypothesis on the Planets. The heavenly bodies suffer 
no influence from without; they have no relation to each other; the particular 
motions of each particular planet follow from the essence of that planet and 
are like the will and understanding in men. One might almost say that the law 
of universal gravitation is expressly denied, and reserved only in a very par- 
ticular form for bodies on the earth’s surface in such treatises as Archimedes’ On 
Floating Bodies and On the Centers of Gravity of Planes. For it is assumed that 
the earth or rather the earth’s centre attracts only bodies below the lunar 
sphere. It is, of course, Kepler who, probably under the influence of Gilbert’s 
work on magnetism, assumes for the first time in The Commentaries on Mars 
that all bodies attract each other. It was reserved for Newton to state the 
classical law of inertia in the light of Kepler’s assumption: all bodies continue 
in the same straight line and at uniform speed unless disturbed. 

It is also in Book 111 that the first principles of the epicycle and eccentric are 
worked out. 

Book tv begins the study of the moon and its first or epicyclic anomaly. 

Book v continues the study of the moon with its solar or eccentric anomaly, 
equant anomaly, and a fourth anomaly called the inclination of the moon’s 
epicycle. There is also a discussion of the moon’s parallaxes and of the distances 
of the moon and sun from the earth in terms of the earth’s radius and a, discus- 
sion of the relative magnitudes of these bodies. 

Book vi continues the study of the moon with respect to its phases and 
eclipses. 

Books vir and vir are devoted to the sphere of the fixed stars and to the pre- 
cession of the equinoxes. 

Book rx begins the study of the planets Mercury, Venus, Mars, Jupiter, and 
Saturn. The order of these planets is given. The Ptolemaic geocentric theory 
furnishes no very sound principles for their ordering; only a heliocentric theory 
or a geocentric theory like Brahe’s could give one. But the ordering turns out 
pretty much as the heliocentric theory would require except that Venus and 
Mercury are placed between the earth and the sun instead of around it. A 
general introduction is given to their movements, and Mercury is treated in 
detail. Mercury is the most complicated of the five: it requires not only an epi- 
cycle, eccentric, and equant as the others do, but it requires that the centre of 
the eccentric move about another circle. Mercury remains just as complicated 
in the system of Copernicus. It is well known that it was never completely ex- 
plained by the principles of Newton’s mechanics and that it is only taken care 
of in the general theory of relativity. 
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Book x contains the detailed discussions of Venus and Mars, and Book x1 of 
Jupiter and Saturn. 

Book x11 is the most interesting perhaps from the kinematic point of view. 
It contains the statement of an eccentric theory of the planets Mars, Jupiter, 
and Saturn, equivalent to the epicyclic one used by Ptolemy and which very 
evidently forms the bridge from Ptolemy’s and Hipparchus’ geocentric theory | 
to Aristarchus’ heliocentric theory. The theorems on station points and re- 
gressions, probably due to Apollonius of Perga, are remarkable. These solve 
the problem: given the angular speed of a star on its epicycle and the angular 
speed of the epicycle on its deferent and the ratio of the radii of the epicycle and 
deferent, to find the necessary and sufficient conditions that the star will ap- 
pear to stop and regress for an observer at the centre of the deferent and at 
what points. 

Book x11 contains the theory of the planets’ lateral deviations from the 
ecliptic. 


The translator wishes to thank Dr. George Comenetz, Mr. John Kieffer, Dr. 
Jacob Klein, Prof. Alexandre Koyré, and Mr. John Weber for their suggestions 
and criticisms. They are in no way to blame for any immoderate statements. 

RA Gat: 
Portsmouth, Rhode Island, 1946. 


ABBREVIATIONS USED IN THE TRANSLATION 


ecc. rad. =eccentric’s radius 

epic. rad. =epicycle’s radius 

hypt. = hypotenuse 

1. betw. c.=line between centers 

rect. AB, BC =rectangle contained by AB and BC 
sect. =sector or section 

sq. =square 

trgl. = triangle 
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BOOK ONE 


1. PREFACE 


Tose who have been true philosophers, Syrus, seem to me to have very wisely 
separated the theoretical part of philosophy from the practical. For even if it 
happens the practical turns out to be theoretical prior to its being practical, 
nevertheless a great difference would be found in them; not only because some 
of the moral virtues can belong to the everyday ignorant man and it is impos- 
sible to come by the theory of whole sciences without learning, but also because 
in practical matters the greatest advantage is to be had from a continued and 
repeated operation upon the things themselves, while in theoretical knowledge 
it is to be had by a progress onward. We accordingly thought it up to us so to 
train our actions even in the application of the imagination as not to forget in 
whatever things we happen upon the consideration of their beautiful and well- 
ordered disposition, and to indulge in meditation mostly for the exposition of 
many beautiful theorems and especially of those specifically called mathematical. 

For indeed Aristotle quite properly divides also the theoretical into three im- 
mediate genera: the physical, the mathematical, and the theological. For given 
that all beings have their existence from matter and form and motion, and that 
none of these can be seen, but only thought, in its subject separately from the 
others, if one should seek out in its simplicity the first cause of the first move- 
ment of the universe, he would find God invisible and unchanging. And the kind 
of science which seeks after Him is the theological; for such an act [évépyeva] can 
only be thought as high above somewhere near the loftiest things of the universe 
and is absolutely apart from sensible things. But the kind of science which 
traces through the material and ever moving quality, and has to do with the 
white, the hot, the sweet, the soft, and such things, would be called physical; 
and such an essence [ovcia], since it is only generally what it is, is to be found in 
corruptible things and below the lunar sphere. And the kind of science which 
shows up quality with respect to forms and local motions, seeking figure, num- 
ber, and magnitude, and also place, time, and similar things, would be defined 
as mathematical. For such an essence falls, as it were, between the other two, 
not only because it can be conceived both through the senses and without the 
senses, but also because it is an accident in absolutely all beings both mortal and 
immortal, changing with those things that ever change, according to their insep- 
arable form, and preserving unchangeable the changelessness of form in things 
eternal and of an ethereal nature. 

And therefore meditating that the other two genera of the theoretical would 
be expounded in terms of conjecture rather than in terms of scientific under- 
standing: the theological because it is in no way phenomenal and attainable, but 
the physical because its matter is unstable and obscure, so that for this reason 
philosophers could never hope to agree on them; and meditating that only the 
mathematical, if approached enquiringly, would give its practitioners certain 
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and trustworthy knowledge with demonstration both arithmetic and geometric 
resulting from indisputable procedures, we were led to cultivate most particu- 
larly as far as lay in our power this theoretical discipline [Aewpia]. And especially 
were we led to cultivate that discipline developed in respect to divine and heav- 
enly things as being the only one concerned with the study of things which are 
always what they are, and therefore able itself to be always what it is—which is 
indeed the proper mark of a science—because of its own clear and ordered un- 
derstanding, and yet to cooperate with the other disciplines no less than they 
themselves. For that special mathematical theory would most readily prepare 
the way to the theological, since it alone could take good aim at that unchange- 
able and separate act, so close to that act are the properties having to do with 
translations and arrangements of movements, belonging to those heavenly be- 
ings which are sensible and both moving and moved, but eternal and impassible. 
Again as concerns the physical there would not be just chance correspondances. 
For the general property of the material essence is pretty well evident from the 
peculiar fashion of its local motion—for example, the corruptible and incorrupt- 
ible from straight and circular movements, and the heavy and light or passive 
and active from movement to the center and movement from the center. And 
indeed this same discipline would more than any other prepare understanding 
persons with respect to nobleness of actions and character by means of the 
sameness, good order, due proportion, and simple directness contemplated in 
divine things, making its followers lovers of that divine beauty, and making 
habitual in them, and as it were natural, a like condition of the soul. 

And so we ourselves try to increase continuously our love of the discipline of 
things which are always what they are, by learning what has already been ‘dis- 
covered in such sciences by those really applying themselves to them, and als- 
by making a small original contribution such as the period of time from them to 
us could well make possible. And therefore we shall try and set forth as briefly 
as possible as many theorems as we recognize to have come to light up to the 
present, and in such a way that those who have already been initiated somewhat 
may follow, arranging in proper order for the completeness of the treatise all 
matters useful to the theory of heavenly things. And in order not to make the 
treatise too long we shall only report what was rigorously proved by the an- 
cients, perfecting as far as we can what was not fully proved or not proved as 
well as possible. 


2. ON THE ORDER OF THE THEOREMS 


A view, therefore, of the general relation of the whole earth to the whole of the 
heavens will begin this composition of ours. And next, of things in particular, 
there will first be an account of the ecliptic’s position and of the places of that 
part of the earth inhabited by us, and again of the difference, in order, between 
each of them according to the inclinations of their horizons. For the theory of 
these, once understood, facilitates the examination of the rest. And, secondly, 
there will be an account of the solar and lunar movements and of their incidents. 
For without a prior understanding of these one could not profitably consider 
what concerns the stars. The last part, in view of this plan, will be an account 
of the stars. Those things having to do with the sphere of what are called the 
fixed stars would reasonably come first, and then those having to do with what 
are called the five planets. And we shall try and show each of these things using 
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as beginnings and foundations for what we wish to find, the evident and certain 
appearances from the observations of the ancients and our own, and applying 
the consequences of these conceptions by means of geometrical demonstrations. 

And so, in general, we have to state that the heavens are spherical and move 
spherically; that the earth, in figure, is sensibly spherical also when taken as a 
whole; in position, lies right in the middle of the heavens, like a geometrical 
centre; in magnitude and distance, has the ratio of a point with respect to the 
sphere of the fixed stars, having itself no local motion at all. And we shall go 
through each of these points briefly to bring them to mind. 


3. THAT THE Heavens Move SPHERICALLY 


It is probable the first notions of these things came to the ancients from some 
such observation as this. For they kept seeing the sun and moon and other stars 
always moving from rising to setting in parallel circles, beginning to move up- 
ward from below as if out of the earth itself, rising little by little to the top, and 
then coming around again and going down in the same way until at last they 
would disappear as if falling into the earth. And then again they would see them, 
after remaining some time invisible, rising and setting as if from another begin- 
ning; and they saw that the times and also the places of rising and setting gen- 
erally corresponded in an ordered and regular way. 

But most of all the observed circular orbit of those stars which are always 
visible, and their revolution about one and the same centre, led them to this 
spherical notion. For necessarily this point became the pole of the heavenly 
sphere; and the stars nearer to it were those that spun around in smaller circles, 
and those farther away made greater circles in their revolutions in proportion to 
the distance, until a sufficient distance brought one to the disappearing stars. 
And then they saw that those near the always-visible stars disappeared for a 
short time, and those farther away for a longer time proportionately. And for 
these reasons alone it was sufficient for them to assume this notion as a principle, 
and forthwith to think through also the other things consequent upon these 
same appearances, in accordance with the development of the science. For abso- 
lutely all the appearances contradict the other opinions. 

If, for example, one should assume the movement of the stars to be in a 
straight line to infinity, as some have opined, how could it be explained that 
each star will be observed daily moving from the same starting point? For how 
could the stars turn back while rushing on to infinity? Or how could they turn 
back without appearing to do so? Or how is it they do not disappear with their 
size gradually diminishing, but on the contrary seem larger when they are about 
to disappear, being covered little by little as if cut off by the earth’s surface? 
But certainly to suppose that they light up from the earth and then again go out 
in it would appear most absurd. For if anyone should agree that such an order 
in their magnitudes'and number, and again in the distances, places, and times 
ig accomplished in this way at random and by chance, and that one whole part 
of the earth has an incandescent nature and another a nature capable of extin- 
guishing, or rather that the same part lights the stars up for some people and 
puts them out for others, and that the same stars happen to appear to some 
people either lit up or put out and to others not yet so—even if anyone, I say, 
should accept all such absurdities, what could we say about the always-visible 
stars which neither rise nor set? Or why don’t the stars which light up and go out 
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rise and set for every part of the earth, and why aren’t those which are not 
affected in this way always above the earth for every part of the earth? For in 
this hypothesis the same stars will not always light up and go out for some 
people, and never for others. But it is evident to everyone that the same stars 
rise and set for some parts, and do neither of these things for others. 

In a word, whatever figure other than the spherical be assumed for the move- 
ment of the heavens, there must be unequal linear distances from the earth to 
parts of the heavens, wherever or however the earth be situated, so that the 
magnitudes and angular distances of the stars with respect to each other would 
appear unequal to the same people within each revolution, now larger now 
smaller. But this is not observed to happen. For it is not a shorter linear distance 
which makes them appear larger at the horizon, but the steaming up of the 
moisture surrounding the earth between them and our eyes, just as things put 
under water appear larger the farther down they are placed. 

The following considerations also lead to the spherical notion: the fact that 
instruments for measuring time cannot agree with any hypothesis save the 
spherical one; that, since the movement of the heavenly bodies ought to be the 
least impeded and most facile, the circle among plane figures offers the easiest 
path of motion, and the sphere among solids; likewise that, since of different 
figures having equal perimeters those having the more angles are the greater, 
the circle is the greatest of plane figures and the sphere of solid figures, and the 
heavens are greater than any other body. 

Moreover, certain physical considerations lead to such a conjecture. For 
example, the fact that of all bodies the ether has the finest and most homoge- 
neous parts [duocopepéorepos]; but the surfaces of homogeneous parts must have 
homogeneous parts, and only the circle is such among plane figures and the 
sphere among solids. And since the ether is not plane but solid, it can only be 
spherical. Likewise the fact that nature has built all earthly and corruptible 
bodies wholly out of rounded figures but with heterogeneous parts, and all di- 
vine bodies in the ether out of spherical figures with homogeneous parts, since 
if they were plane or disc-like they would not appear circular to all those who 
see them from different parts of the earth at the same time. Therefore it would 
seem reasonable that the ether surrounding them and of a like nature be also 
spherical, and that because of the homogeneity of its parts it moves circularly 
and regularly. 


4. THAT ALSO THE EarTH, TAKEN AS A WHOLE, Is SENSIBLY SPHERICAL 


Now, that also the earth taken as a whole is sensibly spherical, we could most 
likely think out in this way. For again it is possible to see that the sun and moon 
and the other stars do not rise and set at the same time for every observer on the 
earth, but always earlier for those living towards the orient and later for those 
living towards the occident. For we find that the phenomena of eclipses taking 
place at the same time, especially those of the moon, are not recorded at the 
same hours for everyone—that is, relatively to equal intervals of time from 
noon; but we always find later hours recorded for observers towards the orient 
than for those towards the occident. And since the differences in the hours is 
found to be proportional to the distances between the places, one would reason- 
ably suppose the surface of the earth spherical, with the result that the general 
uniformity of curvature would assure every part’s covering those following it 
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proportionately. But this would not happen if the figure were any other, as can 
be seen from the following considerations. 

For, if it were concave, the rising stars would appear first to people towards 
the occident; and if it were flat, the stars would rise and set for all people togeth- 
er and at the same time; and if it were a pyramid, a cube, or any other polygonal 
figure, they would again appear at the same time for all observers on the same 
straight line. But none of these things appears to happen. It is further clear that 
it could not be cylindrical with the curved surface turned to the risings and set- 
tings and the plane bases to the poles of the universe, which some think more 
plausible. For then never would any of the stars be always visible to any of the 
inhabitants of the curved surface, but either all the stars would both rise and set 
for observers or the same stars for an equal distance from either of the poles 
would always be invisible to all observers. Yet the more we advance towards the 
north pole, the more the southern stars are hidden and the northern stars ap- 
pear. So it is clear that here the curvature of the earth covering parts uniformly 
in oblique directions proves its spherical form on every side. Again, whenever 
we sail towards mountains or any high places from whatever angle and in what- 
ever direction, we see their bulk little by little increasing as if they were arising 
from the sea, whereas before they seemed submerged because of the curvature 
of the water’s surface. 


5. THAT THE EartuH Is IN THE MIDDLE OF THE HEAVENS 


Now with this done, if one should next take up the question of the earth’s 
position, the observed appearances with respect to it could only be understood 
if we put it in the middle of the heavens as the centre of the sphere. If this were 
not so, then the earth would either have to be off the axis but equidistant from 
the poles, or on the axis but farther advanced towards one of the poles, or nei- 
ther on the axis nor equidistant from the poles. 

The following considerations are opposed to the first of these three positions— 
namely, that if the earth were conceived as placed off the axis either above or 
below in respect to certain parts of the earth, those parts, in the nght sphere, 
would never have any equinox since the section above the earth and the section 
below the earth would always be cut unequally by the horizon. Again, if the 
sphere were inclined with respect to these parts, either they would have no equi- 
nox or else the equinox would not take place midway between the summer and 
winter solstices. The distances would be unequal because the equator which is 
the greatest of those parallel circles described about the poles would not be cut 
in half by the horizon; but one of the circles parallel to it, either to the north or 
to the south, would be so cut in half. It is absolutely agreed by all, however, that 
these distances are everywhere equal because the increase from the equinox to 
the longest day at the summer tropic are equal to the decreases to the least days 
at the winter tropic. And if the deviation for certain parts of the earth were 
supposed either towards the orient or the occident, it would result that for these 
parts neither the sizes and angular distances of the stars would appear equal and 
the same at the eastern and western horizons, nor would the time from rising to 
the meridian be equal to the time from the meridian to setting. But these things 
evidently are altogether contrary to the appearances. 

As to the second position where the earth would be on the axis but farther 
advanced towards one of the poles, one could again object that, if this were so, 
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the plane of the horizon in each latitude would always cut into uneven parts the 
sections of the heavens below the earth and above, different with respect to each 
other and to themselves for each different deviation. And the horizon could cut 
into two even parts only in the right sphere. But in the case of the inclined 
sphere with the nearer pole ever visible, the horizon would always make the part 
above the earth less and the part below the earth greater with the result that 
also the great circle through the centre of the signs of the zodiac [ecliptic] would 
be cut unequally by the plane of the horizon. But this has never been seen, for 
six of the twelve parts are always and everywhere visible above the earth, and 
the other six invisible; and again when all these last six are all at once visible, 
the others are at the same time invisible. And so—from the fact that the same 
semicircles are cut off entirely, now above the earth, now below—it is evident 
that the sections of the zodiac are cut in half by the horizon. 

And, in general, if the earth did not have its position under the equator but 
lay either to the north or south nearer one of the poles, the result would be that, 
during the equinoxes, the shadows of the gnomons at sunrise would never per- 
ceptibly be on a straight line with those at sunset in planes parallel to the hori- 
zon. But the contrary is everywhere seen to occur. And it is immediately clear 
that it is not possible to advance the third position since each of the obstacles 
to the first two would be present here also. 

In brief, all the observed order of the increases and decreases of day and night 
would be thrown into utter confusion if the earth were not in the middle. And 
there would be added the fact that the eclipses of the moon could not take place 
for all parts of the heavens by a diametrical opposition to the sun, for the earth 
would often not be interposed between them in their diametrical oppositions, 
but at distances less than a semicircle. 


6. Taat THE Eartu Has THE Ratio oF a PoInt TO THE HEAVENS 


Now, that the earth has sensibly the ratio of a point to its distance from the 
sphere of the so-called fixed stars gets great support from the fact that in all 
parts of the earth the sizes and angular distances of the stars at the same times 
appear everywhere equal and alike, for the observations of the same stars in the 
different latitudes are not found to differ in the least. 

Moreover, this must be added: that sundials placed in any part of the earth 
and the centres of armillary spheres can play the role of the earth’s true centre 
for the sightings and the rotations of the shadows, as much in conformity with 
the hypotheses of the appearances as if they were at the true midpoint of the 
earth. 

And the earth is clearly a point also from this fact: that everywhere the planes 
drawn through the eye, which we call horizons, always exactly cut in half the 
whole sphere of the heavens. And this would not happen if the magnitude of the 
earth with respect to its distance from the heavens were perceptible; but only 
the plane drawn through the point at the earth’s centre would exactly cut the 
sphere in half, and those drawn through any other part of the earth’s surface 
would make the sections below the earth greater than those above. 


7. THat THE Earta Dors Not in ANY Way Move Locauuy 


By the same arguments as the preceding it can be shown that the earth can 
neither move in any one of the aforesaid oblique directions, nor ever change at 
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all from its place at the centre. For the same things would result as if it had 
another position than at the centre. And so it also seems to me superfluous to 
look for the causes of the motion to the centre when it is once for all clear from 
the very appearances that the earth is in the middle of the world and all weights 
move towards it. And the easiest and only way to understand this is to see that, 
once the earth has been proved spherical considered as a whole and in the middle 
of the universe as we have said, then the tendencies and movements of heavy 
bodies (I mean their proper movements)! are everywhere and always at right 
angles to the tangent plane drawn through the falling body’s point of contact 
with the earth’s surface. For because of this it is clear that, if they were not 
stopped by the earth’s surface, they too would go all the way to the centre itself, 
since the straight line drawn to the centre of a sphere is always perpendicular to 
the plane tangent to the sphere’s surface at the intersection of that line. 

All those who think it paradoxical that so great a weight as the earth should 
not waver or move anywhere seem to me to go astray by making their judgment 
with an eye to their own affects and not to the property of the whole. For it 
would not still appear so extraordinary to them, I believe, if they stopped to 
think that the earth’s magnitude compared to the whole body surrounding it is 
in the ratio of a point to it. For thus it seems possible for that which is relatively 
least to be supported and pressed against from all sides equally and at the same 
angle by that which is absolutely greatest and homogeneous. For there is no 
“above” and “below” in the universe with respect to the earth, just as none 
could be conceived of in a sphere. And of the compound bodies in the universe, 
to the extent of their proper and natural motion, the light and subtle ones are 
scattered in flames to the outside and to the circumference, and they seem to 
rush in the upward direction relative to each one because we too call “‘up”’ from 
above our heads to the enveloping surface of the universe; but the heavy and 
coarse bodies move to the middle and centre and they seem to fall downwards 
because again we all call ‘““down”’ the direction from our feet to the earth’s cen- 
tre. And they properly subside about the middle under the everywhere-equal 
and like resistance and impact against each other. Therefore the solid body of 
the earth is reasonably considered as being the largest relative to those moving 
against it and as remaining unmoved in any direction by the force of the very 
small weights, and as it were absorbing their fall. And if it had some one com- 
mon movement, the same as that of the other weights, it would clearly leave 
them all behind because of its much greater magnitude. And the animals and 
other weights would be left hanging in the air, and the earth would very quickly 
fall out of the heavens. Merely to conceive such things makes them appear 
ridiculous. 


1A]1 local motions or movements according to place are divided by Aristotle into natural and 
violent local motions. In the case of compound bodies (that is, those bodies subject to gener- 
ation and corruption and consisting of all those, and only those, bodies lying below the lunar 
sphere), the natural local motions are those of unimpeded and unpropelled fall; the violent 
local motions are any propelled or interrupted motions. In the case of simple bodies (that is, 
the heavenly bodies within and above the lunar sphere), there are only natural local motions: 
the regular or uniform circular motions. Ptolemy here calls the natural local motions of com- 
pound bodies their proper motions. This distinction between natural and violent motions is 
preserved by Galileo. For in his Two New Sciences, natural motion is treated in the “Third 
Day” and violent motion in the ‘‘Fourth Day.” In the Newtonian system, the distinction is 
dissolved in a general mathematical treatment, a treatment more in line with the Platonic 
myth of the Timaeus, and so it loses all meaning. 


12 PTOLEMY 


Now some people, although they have nothing to oppose to these arguments, 
agree on something, as they think, more plausible. And it seems to them there 
is nothing against their supposing, for instance, the heavens immobile and the 
earth as turning on the same axis from west to east very nearly one revolution 
a day; or that they both should move to some extent, but only on the same axis 
as we said, and conformably to the overtaking of the one by the other. 

But it has escaped their notice that, indeed, as far as the appearances of the 
stars are concerned, nothing would perhaps keep things from being in accord- 
ance with this simpler conjecture, but that in the light of what happens around 
us in the air such a notion would seem altogether absurd. For in order for us to 
grant them what is unnatural in itself, that the lightest and subtlest bodies 
either do not move at all or no differently from those of contrary nature, while 
those less light and less subtle bodies in the air are clearly more rapid than all 
the more terrestrial ones; and to grant that the heaviest and most compact 
bodies have their proper swift and regular motion, while again these terrestrial 
bodies are certainly at times not easily moved by anything else—for us to grant 
these things, they would have to admit that the earth’s turning is the swiftest of 
absolutely all the movements about it because of its making so great a revolu- 
tion in a short time, so that all those things that were not at rest on the earth 
would seem to have a movement contrary to it, and never would a cloud be 
seen to move toward the east nor anything else that flew or was thrown into 
the air. For the earth would always outstrip them in its eastward motion, 
so that all other bodies would seem to be left behind and to move towards 
the west. 

For if they should say that the air is also carried around with the earth in the 
same direction and at the same speed, none the less the bodies contained in it 
would always seem to be outstripped by the movement of both. Or if they 
should be carried around as if one with the air, neither the one nor the other 
would appear as outstripping, or being outstripped by, the other. But these 
bodies would always remain in the same relative position and there would be no 
movement or change either in the case of flying bodies or projectiles. And yet 
we shall clearly see all such things taking place as if their slowness or swiftness 
did not follow at all from the earth’s movement. 


8. THat THERE ARE Two DIFFERENT PRIME MOVEMENTS IN THE HEAVENS 


It will be sufficient for these hypotheses, which have to be assumed for the 
detailed expositions following them, to have been outlined here in such a sum- 
mary way since they will finally be established and confirmed by the agreement 
of the consequent proofs with the appearances. In addition to those already 
mentioned, this general assumption would also be rightly made that there are 
two different prime movements in the heavens. One is that by which everything 
moves from east to west, always in the same way and at the same speed with 
revolutions in circles parallel to each other and clearly described about the poles 
of the regularly revolving sphere. Of these circles the greatest is called the equa- 
tor, because it alone is always cut exactly in half by the horizon which is a great 
circle of the sphere, and because everywhere the sun’s revolution about it is 
sensibly equinoctial. The other movement is that according to which the spheres 
of the stars make certain local motions in the direction opposite to that of the 
movement just described and around other poles than those of that first revolu- 
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tion. And we assume that it is so because, while, from each day’s observation, 
all the heavenly bodies are seen to move generally in paths sensibly similar and 
parallel to the equator and to rise, culminate, and set (for such is the property 
of the first movement), yet from subsequent and more continuous observation, 
even if all the other stars appear to preserve their angular distances with respect 
to each other and their properties as regards their places within the first move- 
ment, still the sun and moon and planets make certain complex movements un- 
equal to each other, but all contrary to the general movement, towards the east 
opposite to the movement of the fixed stars which preserve their respective 
angular distances and are moved as if by one sphere. 

If, then, this movement of the planets also took place in circles parallel to the 
equator—that is, around the same poles as those of the first revolution-—it 
would be sufficient to assume for them all one and the same revolving movement 
in conformity with the first. For it would then be plausible to suppose that their 
movement was the result of a lag and not of a contrary movement. But they 
always seem, at the same time they move towards the east, to deviate towards 
the north and south poles without any uniform magnitude’s being observed in 
this deviation, so that this seems to befall them through impulsions. But al- 
though this deviation is irregular on the hypothesis of one prime movement, it 
is regular when effected by a circle oblique to the equator. And so such a circle 
is conceived one and the same for, and proper to, the planets, quite exactly ex- 
pressed and as it were described by the motion of the sun, but traveled also by 
the moon and planets which ever turn about it with every deviation from it on 
the part of any planet either way, a deviation within a prescribed distance and 
governed by rule. And since this is seen to be a great circle also because of the 
sun’s equal oscillation to the north and south of the equator, and since the east- 
ward movements of all the planets (as we said) take place on one and the same 
circle, it was necessary to suppose a second movement different from the general 
one, a movement about the poles of this oblique circle or ecliptic in the direction 
opposite to that of the first movement. 

Then if we think of a great circle described through the poles of both the cir- 
cles just mentioned, which necessarily cuts each of them—that is, the equator 
and the circle inclined to it—exactly in half and at right angles, there will be 
four points on the oblique circle or ecliptic: the two made by the equator dia- 
metrically opposite each other and called the equinoxes of which the one guard- 
ing the northern approach is called spring, and the opposite one autumn. And 
the two made by the circle drawn through both sets of poles, also clearly diamet- 
rically opposite each other, are called the tropics, of which the one to the south 
of the equator is called winter, and the one to the north summer. 

The one first movement which contains all the others will be thought of then 
as described and as if defined by the great circle, through both sets of poles, 
which is carried around and carries with it all the rest from east to west about 
the poles of the equator. And these poles are as if they were on what is called the 
meridian, which differs from the circle through both sets of poles in this alone: 
that it is not always drawn through the poles of the ecliptic, but is conceived as 
continuously at right angles to the horizon and therefore called the meridian, 
since such a position cutting in half as it does each of the two hemispheres, that 
below the earth and that above, provides midday and midnight. But the second 
movement, consisting of many parts and contained by the first, and embracing 
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itself all the planetary spheres,! is carried by the first as we said, and revolves 
about the poles of the ecliptic in the opposite direction. And these poles of the 
ecliptic being on the circle effecting the first revolution—that is, on the circle 
drawn through all four poles together—are carried around with it as one would 
expect; and, moving therefore with a motion opposite to the second prime move- 
ment, in this way keep the position of the great circle which is the ecliptic ever 
the same with respect to the equator. 


9. ON THE PARTICULAR NOTIONS 


A summary and general preliminary explanation would contain some such 
exposition as the foregoing of the things to be presupposed. But now we are 
going to begin the detailed proofs. And we think the first of these is that by 
means of which 1s calculated the length of the arc between the poles of the equa- 
tor and the ecliptic, lying on the great circle drawn through these poles. To this 
end we must first see expounded the method of computing the size of chords 
inscribed in a circle, and we are now going to demonstrate vais geometrically for 
each case, once for ‘all. 


10. ON THE SIZE OF CHORDS IN A CIRCLE 


With an eye to immediate use, we shall now make a tabular exposition of the 
size of these chords by dividing the circumference into 360 parts and setting 
side by side the chords as the arcs subtended by them increase by a half part. 
That is, the diameter of the circle will be cut into 120 parts for ease in calcula- 
tion; [and we shall take the arcs, considering them with respect to the number 
they contain of the circumference’s 360 parts, and compare them with the sub- 
tending chords by finding out the number the chords contain of the diameter’s 
120 parts.] But first we shall show how, with as few theorems as possible and the 
same ones, we make a methodical and rapid calculation of their sizes so that we 
may not only have the magnitudes of the chords set out without knowing the 
why and wherefore but so that we may also easily manage a proof by means of a 
systematic geometrical construction. In general we shall use the sexagesimal 
system because of the difficulty of fractions, and we shall follow out the multi- 
plications and divisions, aiming always at such an approximation as will leave 
no error worth considering as far as the accuracy of the senses is concerned. 

Then first let there be the semicircle ABC on the diameter ADC and around 
centre D, and let straight line DB be erected on 


B 
AC at right angles. Let DC be bisected at HE, and 
EB be joined; and let EF be.laid out equal to, _ 
EB, and let FB be joined. 
I say that the straight line FD is the side of a 
regular inscribed decagon, and BF that of a ., C 


pentagon. 

For since the straight line DC is bisected at B 
and a straight line DF is added to it, 
rect. CF, FD+sq. ED=sq. EF,  [Eucl. 11, 6] 
=sq. BE, 


BE=EF. 


1These are the two movements of the same and of the other described in Plato’s myth 2 
the Timaeus. 


since 
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But 
sq. ED+sq. DB=sq. BE. [Eucl. 1, 47] 
Therefore 
rect. CF, FD+sq. ED=sq. ED+8q. DB. 
And, subtracting the common square on ED, 
rect. CF, FD=sq. DB 
=sq. DC. 
Therefore CF is cut at D in extreme and mean ratio [Eucl. v1, def. 3]. Since, 
then, the side of the hexagon and the side of the decagon which are inscribed 
in the same circle, when they are in the same straight line, cut that line in ex- 
treme and mean ratio [Eucl. xi, 9], and since the radius DC is equal to the side 
of the hexagon [Eucl. rv, 15 coroll.], therefore FD is equal to the side of the 
decagon. 

And likewise, since the square on the side of the pentagon is equal to the 
square on the side of the hexagon together with the square on the side of the 
decagon, all inscribed in the same circle [Eucl. x11, 10], and since in the right 
triangle BDF 

sq. BF=sq. DB+sq. FD 
where DB is the side of the hexagon and FD the side of the decagon, the straight 
line BF is equal to the side of the pentagon. 

Since, then, as I said, we suppose the diameter divided into 120 parts, there- 
fore by what we have just established, being half the circle’s radius, 

ED=30 such parts, 


and 
sq. ED=900; 
and 
rad. DB =60 such parts, 
and 
sq. DB =3600; 
and 
sq. BE=sq. EF = 4500. 
Then 


. EF=67°4'55" 

in length, and by subtraction 

FD=37?4'58" 
Therefore the side of the decagon, subtending an are of 36° of the whole circum- 
ference’s 360°, will have 37°4’55” of the diameter’s 120°. 

Since again 
FD =37°4'55", 
sq. FD =1375"4'14", 

sq. DB =3600?, 

and 
sq. FD-+sq. DB=sq. BF, 

therefore, in length, 


1From now on, we shall indicate “parts such as the diameter’s 120” by a p-superscript. 
Thus 67°4'55” means “67+<¢5+3880 parts such as the diameter’s 120.” And we shall indi- 
cate ‘“‘parts such as the circumference’s 360” by the ordinary notation for angular degrees. 
For the measures of arcs and angles exactly correspond. Thus 47°42’40" means “4713 
+2360 parts such as the circumference’s 360” or “parts such as 4 right angles’ 360.” 
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i = 7093 2'3"¢ 
And therefore the side of the pentagon, subtending an arc of 72°, is 70°32’3’’. 

It is immediately clear that the side of the hexagon, subtending an arc of 60° 
and being equal to the radius, is itself 60°. And likewise, since the side of the 
inscribed square, subtending an arc of 90°, is, when squared, double the square 
on the radius, and since the side of the inscribed equilateral triangle is, when 
squared, triple the square on the radius, and since the square on the radius is 
3,600", the square on the side of the square will add up to 7,200", and the square 
on the: side of the equilateral triangle to 10,800". And so in length 

chord of arc 90°= -84°51/ LOWE 
and 
chord of arc 120°=103°55’23”. 

And so these chords are easily gotten by themselves. Thence it is evident that, 
with these chords given, it will be easy to get the chords which subtend the 
supplements, since the squares on them added together are equal to the square 
on the diameter. For example, since it was shown 

chord of are 36° =37°4'55”, 
sq. chord of arc 36° =1375"4'15”, 
and 
sq. diameter = 14,400?, 
therefore, for the supplement, 
sq. chord of are 144° = 13,024°55'45”, 
and, in length, 
chord of are 144° =114°7/37”; 

and the others in like manner. 

And we shall next show, by expounding a lemma very useful for this present 
business, how the rest of the chords can be derived successively from those we 
already have. 

For let there be a circle with any sort of inscribed quadrilateral ABCD, and 
let AC and BD be joined. 

It is to be proved that ¢ B 

rect. AC, BD=rect. AB, DC-+rect. AD, BC. € 

For let it be laid out stich that 

angle ABE =angle DBC. 
If then we add the common angle EBD, 
angle ABD=angle EBC. 
But also A 
angle BDA =angle BCE. [Euel. 1, 21), 
for they subtend the same arc. Then triangle 
ABD is equiangular with triangle BCE. Hence | 
BC :CE::BD:AD _ [Eucl. v1, 4]. 
Therefore 
rect. BC, AD=rect. BD, CE. [Eucl. vi, 16]. 
Again since 
angle ABE =angle CBD 
and also 
angle BAH =angle BDC, 
therefore triangle ABE is equiangular with triangle BCD. Hence 
AB:AE::BD:CD. 
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Therefore 
rect. AB, CD=rect. BD, AE. 

But it was also proved 

fh rect. BC, AD=rect. BD, CE. 

Therefore also 

rect. AC, BD=rect. AB, CD-+rect. BC, AD. (Euel. 1m, 1]. 

Which was to be proved. 

Now that this has been expounded, let there be the semicircle ABCD on di- 

ameter AD, and from the point A let there be 
C drawn the two straight lines AB, AC, and let 
the length of each of them have been given in 

~ terms of such parts as the given diameter’s 120; 

and let BC be joined. 
I say that BC is also given. 

x D For let BD and CD be joined. Then clearly 
they are also given because they subtend the 
supplements. Since, then, the quadrilateral 
ABCD is inscribed in a circle, therefore 

rect. AB, CD+rect. AD, BC=rect. AC, BD 
[p. 16] 
And rectangle AC, BD is given, and also rectan- 
gle AB, CD. Therefore the remaining rectangle 

AD, BC is also given. And AD is the diameter. Hence the straight line BC is 
also given. And it is now clear to us that, if two arcs are given and the two 
chords subtending them, then also the chord subtending the difference between 
the two arcs will be given. And it is evident that by means of this theorem we 
can inscribe many other chords in ares which are the differences between arcs 
directly given; for instance, the chord subtending an arc of 12°, since we have 
the chords of 60° and 72°. 

Again, given any chord in a circle, let it be proposed to find the chord of half 
the arc of the given chord. 

And let there be the semicircle ABC on diameter AC, and let CB be the given 
chord. And let the arc be bisected at D, and let AB, AD, BD, and DC be joined. 
And let DF be drawn from D perpendicular to AC. 

I say that B 
CF =half (AC—AB). 

For let AE be laid out such that D 

AE=AB, 
and let DB be joined. Since 
AB=AE, 

and AD is common, therefore the two sides AB and. “ 

AD are equal to the two sides AK and AD respec- 

tively. And 

angle BAD=angle EAD; {Euel. 11, 27] 
therefore also 
base BD=base DE. 

But : 

chord BD=chord CD, 

and therefore 
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chord CD=DE. 
Since then, in the isosceles triangle DEC, DF has been dropped from the vertex 
perpendicular to the base, therefore 
EF=CFE. [Eucl. 1, 26] 
But CE=AC—AB; 
therefore 
CF=half (AC—AB). 

And so, since, given the chord of arc BC, chord AE of its supplement is also 
given [p. 16], therefore CF, which is half the difference between AC and AB, is 
given too. But when the perpendicular DF is drawn in right triangle ACD, as a 
consequence right triangle ACD is equiangular with right triangle DCF [Eucl. 
vi, 8], and ' 

AC :CD::CD:CF. 
Therefore 
rect. AC, CF=sq. CD. 
But rectangle AC ,CF is given, therefore the square on CD is also given. And so 
the chord CD of half the arc BC will also be given in length. 

And so again, by means of this theorem, most of the other chords will be given 
as subtending the halves of arcs already found. For instance, from the chord of 
an arc of 12°, there can be gotten the chord subtending an arc of 6°, and those 
subtending ares of 3°, 114°, and 34° respectively. And we shall find from calcu- 
lation that 

chord of are 1144°=1°34'15”, 
and 
chord of are 34°=0°47’8”. 

Again let there be the circle ABCD on diameter AD with center at F. And 
from A let there be cut off consecutively two given arcs, AB and BC; and let the 
given chords subtending them, AB and BC, be joined. 

I say that, if we join AC, then AC will be 
given also. 8 

For let the circle’s diameter BFE be drawn € 
through B, and let BD, DC, CE, and DE be 
joined. Then from this it is clear that, by means 
of BC, chord CE is given; and, by means of AB, a D 
chords BD and DE are given [p. 16]. And by 
things we have already proved, since BCDE is 
a quadrilateral inscribed in a circle, and BD and 
CE are the diagonals, the rectangle contained by A 
the diagonals is equal to the sum of the rec- 
tangles contained by opposite sides [p. 16, 17]. And 
so, since the rectangles BD, CE and BC, DE are 
given, therefore the rectangle BE, CD is given also. But the diameter BE is 
given too, and the remaining side CD will be given. Therefore the chord AC of 
the supplement will be given also. And so, if two arcs and their chords are given, 
then by means of this theorem the chord of both these arcs together will be 
given. 

And it is evident that, by continually combining the chord of an are 114° with 
those so far set out and calculating the sums, we shall inscribe all those chords 
which, when doubled, are divisible by three; and only those chords will still be 
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skipped which fall within 114° intervals. For there will be two such chords 
skipped in each interval, since we are carrying out this inscribing of chords by 
successive additions of 14°. And so if we could compute the chord subtending an 
arc of 14°, then this chord, by addition to, and subtraction from, the chords 
which are separated by 14° intervals and have already been given, will fill in 
all the rest of the intermediate chords. But since, given any chord such as that 
subtending an arc of 114°, the chord of a third of the arc is in no way geomet- 
rically given (and if it were possible, we could then compute the chord of an are 
of 4°), therefore we shall first look for the chord of an arc of 1° by means of 
chords subtending arcs of 114° and 34°. We shall do this by presenting a little 
lemma which, even if it may not suffice for determining their sizes in general, 
can yet in the case of these very small chords keep them indistinguishable from 
chords rigorously determined. 

For I say that, if two unequal chords are inscribed in a circle, the greater has 
to the less a ratio less than the arc on the greater has to the arc on the less. 

For let there be the circle ABCD; and let 
unequal chords be inscribed in it, AB the less 
and BC. the greater. 

I say that 

chord BC : chord AB<arc BC : are AB. 

For let angle ABC be bisected by BD, and let 
AEC, AD, and CD be joined. And since angle 
ABC has been bisected by the straight line 
DEB, 

chord CD=chord AD, 
[Eucl. 111, 26, 29] 


and 
CE>AE. [Eucl. vr. 3] 

Then let DF be dropped from D perpendicular to 
AEC. Now since 

AD>DE, 

DE>DF; 
therefore the circle described with centre D and radius DE cuts AD and falls 
beyond DF. Then let the circle GEH be drawn and the straight line DFH be 
produced. And since 
sect. DEH Stet DEF, 


and 
trgl. DEA >sect. DEG, 

therefore 

trgl. DEF : trgl. DEA <sect. DEH : sect. DEG. [Eucl. v, 8] 
But 

trgl. DEF: trgl. DEA :: EF: AE, [Eucl. v1, 1] 
and , 
sect. DEH : sect. DEG :: angle FDE : angle EDA. 

Therefore 


1For DF sc aceace a will bisect are ABC (Eucl. 111, 3, 26]; hence it will fall on the side of B 
towards C’.. Therefore 
DE> DF, [Eucl. 1, 21] 
AD>DE. : 
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EF :AE<angle FDE : angle EDA. 
Then componendo 
AF: AE<angle FDA : angle EDA. 
And doubling the antecedents 
CA:AE<angle CDA : angle EDA. 


And separando 
CE: AE<angle CDB : angle BDA. 
But | 
CE:AE::BC:AB, [Eucl. vi, 3] 
and 
angle CDB : angle BDA :: arc BC: arc AB. [Eucl. v1, 33] 
Therefore 7 | 


chord BC : chord AB<arc BC : are AB. 
Now, then, with this laid down, let there be the circle ABC, and let the two 
chords AB and AC be inscribed in it. And first let AB be given as subtending 
an are of 34°, and AC an arc of 1°. 


Since B 
chord AC’: chord AB<arc AC : arc AB, 
and c 
are AC=114 (arc AB), d 
therefore 


chord AC <1}¥4 (chord AB). 
But it was proved [p. 18] 
chord AB =0?47’8”. 
Therefore 
chord AC <1°2'50”, 
for 
1°2’50” =11% (0°47’8”’). 
Again, with the same figure, let chord AB be given as subtending an are of ip 
and chord AC an arc of 114°. 
Likewise then, since 
arc AC=1% (arc AB), 
chord AC <1¥% (chord AB). 
But we proved [p. 18] 
chord AC = 1°34/15”. 
Therefore 
chord AB> 1°2’50”, 
for 
1°34’15” =11% (1°2’50”). 
And so, since it has been proved that the chord of an arc of 1° is both greater 
and less than the same number of parts, clearly we shall have 
chord of are 1°=1°2'50”; 
and by means of earlier proofs we saw 
chord of are 144°=0°31'25’. 
And the remaining intervals will be filled in as we have just said. For example, 
in the first interval we find the chord subtending an arc of 2° by adding 14° and 
114°, and the chord subtending an arc of 214° by subtracting 14° from 3°, and 
so on for the rest. 
So the business of chords in a circle can be easily handled in this way, I think. 
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And as I said, in order to have the magnitudes set out immediately to hand, we 
shall draw up tables of 45 rows each, for symmetry’s sake. And the first column 
will contain the magnitudes of the arcs increasing by 14°, and the second column 
will contain the magnitudes of the chords subtending them in terms of the diam- 
eter’s assumed 120 parts. The third column will contain the thirtieth of the 
increase of the chord as the corresponding arc increases by 14°, so that we may 
have a mean addition, accurate for the senses, for each increase of 1/g0° in the 
corresponding arcs, and so be able to calculate readily the chords falling within 
the 14° intervals. And it is to be remarked that by means of these same the- 
orems, if we should suspect some typographical error in connection with any of 
the chords computed here, we can easily check and correct it either by means 
of the chord of an arc double the arc of the chord which is being examined, or by 
means of the difference of certain other given chords, or by means of the chord 
subtending the supplement. And here is the table: 


11. TABLE oF CHORDS 


Arcs Chords Sixtieths! Arcs Chords Siztieths 
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{The sexagesimal system is carried out one place further in this column. Thus 0°1'2''50’ ” 
represents ¢o0-+3¢00-+z1¢000 Which is 36 of the increase of the second chord over the first. 
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12. On THE Arc BETWEEN THE TROPICS 


Now that the question of the value of chords in a circle has been treated, our 
first task will be, as we have said, to show how much the oblique circle through 
the middle of the zodiac [the ecliptic] is inclined to the equator—that is, what 
ratio the great circle which passes through both sets of poles has to the arc inter- 
cepted on it by these poles. This arc is evidently equal to the arc from either of 
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the tropic points to the equator, along this same circle. And we can immediately 
get the measure of this arc instrumentally, with some such simple construction 
as the following. 

We shall make a brass circle, suitable in size, accurately turned, with its sur- 
faces standing square. And we shall use it as a meridian, dividing it into the 360 
parts supposed for the great circle, and each of these into as many parts as there 
is room for. Then, fitting into this circle another little circle, thinner than it, in 
such a way that their sides remain in the same plane and the smaller circle can 
turn without hindrance within the greater circle to the north and south, always 
in the same plane, we shall place, on one of the smaller circle’s two sides at two 
diametrically opposite points, small prisms of the same size pointing in exactly 
tne same straight line with each other and with the centre of the circles. And in 
the middle of the prisms’ width we shall place fine pointers touching the side of 
the greater circle and its divisions. And then we shall fit that circle securely on a 
small and convenient column for its several uses, and stand the base of the 
column on a pavement in the open air exactly parallel to the plane of the hori- 
zon. And we shall take care that the plane of the circles is perpendicular to that 
of the horizon and parallel to that of the meridian. The first condition is satisfied 
by means of a plumb line which is suspended from the highest point of the circles 
and which is watched until, by correction of the underpinning, it is directed to 
the diametrically opposite point below. And the second condition is satisfied by 
very visibly drawing a meridian line in the plane below the column and turning 
the circles from side to side until their plane is sighted parallel to the line. And 
after a placement of this kind had been made, we would observe the sun’s ad- 
vance to the north and south, moving the inside circle at middays until the lower 
prism was completely shadowed by the whole of the upper prism. And when 
this was done, the needle points would show us each time how many degrees 
from the zenith the sun’s center stood on the meridian line. 

And we used to make this observation still more readily by constructing, in- 
stead of circles, a steady square block of rock or wood having one of its faces reg- 
ular and accurately shaped. And using as a centre the vertex of one of its angles, 
we drew a quadrant, drawing out from the centre point to the circumference 
those straight lines which contain the right angle of the quadrant, and likewise 
dividing the circumference into 90 parts, and dividing these again. And after 
this, on one of the straight lines, the one which was to be perpendicular to the 
plane of the horizon and to face south, we laid two small right cylinders in every 
way equal and similarly fashioned, one on the centre exactly at the midpoint of 
the indicated circle and the other at the lower extremity of the straight line. 
Then, standing the marked side of the block along the meridian line drawn in 
the supporting plane of the horizon so that it would also be parallel to the plane 
of the meridian, again making adjustments with fine splints in accord with a 
plumb line right across the cylinders perpendicular to the plane of the horizon, 
we would observe as before the midday shadow from the céntre cylinder, put- 
ting something at the graduated circumference to show more clearly its position. 
And marking the middle of the shadow we would note down the division of the 
quadrant, and this would clearly indicate the latitude of the sun’s path on the 
meridian. 

Now from such observations and especially from those made by us over sev- 
eral periods while the sun was near the tropics, seeing the marker count off from 
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the zenith always an equal number of divisions on the meridian and the same 
ones both for the winter tropics and for the summer tropics, we found the are 
from the northernmost to the southernmost limit, which is the are between the 
tropic points, to be always more than 47°40’ but less than 47°45’. And with this 
there results nearly, the same ratio as that of Eratosthenes and as that which 
Hipparchus used. For the arc between the tropics turns out to be very nearly 11 
out of the meridian’s 83. parts. 

And immediately from this observation it is easy to deduce the latitudes of 
the places where we make the observations, once we have taken the midpoint of 
the two limits, which is on the equator, and the are between this point and the 
zenith. For the arc between the poles and the plane of the horizon is clearly 
equal to this arc. 


13. PRELIMINARIES TO THE SPHERICAL PROOFS 


And since it is next in order to demonstrate the respective values of the arcs 
on great circles drawn through the poles of the equator and cut off between the 
equator and the ecliptic, we shall explain very short and 
easy lemmas by means of which we shall effect nearly all 
the proofs of theorems dealing with spheres. 

Now let the two straight lines BE and CD, drawn to 
two straight lines AB and AC, cut each other at F. 

I say that AC: AH comp. CD: DF, BF: BE. 

For let EG be drawn through £ parallel to CD. Since 
the straight lines CD and EG are parallel, AC: AE:: 
CD : EG | {Eucl. v1, 4]. 
Then if we supply the straight line DF, 

CD:EG comp. CD: DF, DF: EG. 


And 
DF: EG::BF: BE, [Eucl. vi, 4). 
again because HG and DF are parallel. Therefore 
AC: AE comp. CD: DF, BF: BE. 
Which it was proposed to prove. 

And in the same way it can be shown, by drawing a straight line through A 
parallel to HF and producing CDG to meet it, that 
CE :AE comp. CF: DF, BD: AB. 

For again since AG is parallel to EF 
CF :FG::CE:AE  {[Eucl. vi, 2]. 
But.if we supply DF, . 
CF : FG comp. CF: DF, DF : FG. 


A 


But 


DF: FG::BD:AB 
6 ¢ because AB and FG are drawn through to the paral- 
P lels AG and BF. Therefore 
CF : FG comp. CF: DF, BD: AB. 
But 
CE: AE::CF.: FG. 
And therefore 
CE: AE comp. CF: DF, BD: AB. 
Which was to be proved. 
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Again, let there be the circle ABC with centre D; and let there be taken on its 
circumference three points A, B, and C in such a way that each of the arcs AB 
and BC is less than a semicircle (and let the same thing be understood of the 
ares taken hereafter). And let the straight lines AC and DEB be joined. 

I say that chord 2 arc AB:chord 2 are BC:: 


= AE <3CE. 
En S For let the straight lmes AF and CG be drawn 
from the points A and C perpendicular to BD. 
a Since AF is parallel to CG. and AEC crosses. them, 
A 


therefore 
AF :CG::AE:CE. [Eucl. v1, 4). 

But 

AF :CG::chord 2 are AB: chord 2.are BC. 
For the ones are the halves of the others respective- 
ly. And therefore 

AE: CE::chord 2 arc AB: chord 2 are BC. 
Which was to be proved. 

And it follows from this that, if the whole are AC 
is given and also the ratio of the chord of twice arc AB to the chord of twice arc 
BC, then each of the ares AB and BC is given. 

For with the same figure laid out, let AD be 
joined, and from D let DF be drawn perpendicular 
to AEC. It is clear then that, given are AC, angle 
ADF which subtends the half of it is given, and also 
the whole triangle ADF. Now with the whole line 
AC given, since 

AE :CE::chord 2 arc AB : chord 2 arc BC, 
therefore AE is given}, and the remainder EF is 
given. And for this reason and since DF is given, 
both angle EDF of the right triangle EDF and the 
whole angle ADB are given. And so both arcs AB 
and BC are given. Which was to be proved. 

Again, let there be the circle ABC with centre D, and on its circumference 
let there be taken three points A, B, and C in 
such a way that each of the arcs AB and AC is 
less than a semicircle (and let this same condition 
be understood for the arcs to be taken hereafter). 
And let AD and BC be joined and the resulting 
straight lines be produced to meet at E. 

I say that 

CE: BE :: chord 2 are AC: chord 2 are AB. 

For, as in the previous lemma, if from the 
points B and C' we drop BF and CG perpendicu- 
lar to AD, then, since they are parallel, 

CG: BF ::CE:BE. 


And so also 
CE :BE::chord 2 arc AC: chord 2 arc AB. 


1For componendo ° 
AC :CE:: chord 2 arc AB + chord 2 arc BC : chord 2 arc BC. 


28 PTOLEMY 


Which was to be proved. 

And then from this it follows that, even if the arc BC alone be given along 
with the ratio of the chord of twice arc AC to the chord of twice arc AB, then 
are AB is given. 

For again in a similar figure, with BD joined 
and DF dropped perpendicular to BC, angle 
BDF subtending half are BC is given, and also 
the whole right triangle BDF. And since also the 
ratio of CE to BE is given and chord BC, there- 
fore BE is given and the whole line HBF. And so, 
since DF is given, angle EDF of the same right 
triangle is also given, and by subtraction angle 
EDB. Hence are AB is also given. 

And with these conclusions in mind, let arcs of great circles be described on 
a spherical surface in such a way that two arcs 
BE and CD, drawn to two arcs AB and AC, in- 
tersect each other at the point F. And let each of 
these arcs be less than a semicircle (and let the 
same condition be understood in all the figures). 

Then I say that 

chord 2 are CE: chord 2 arc AE comp. 
chord 2 arc CF : chord 2 are DF, 
chord 2 arc BD : chord 2 are AB. 

For let the centre of the sphere be taken, and 
let it be G; and from the point G let the straight 
lines BG, FG, and EG be drawn to the intersec- 
tions of the circles at B, F, and E. And let the 
straight line joining AD be produced to meet BG produced at point H. And 
likewise let CD and AC be joined and cut FG and EG at K and L. Then the 
points H, K, and L are on one straight line, because they are at once in two 
planes: that of the triangle ACD, and that of the circle BFE. When these points 
are joined, we have two straight lines HL and CD intersecting at point K and 
cutting two other straight lines AH and AC. Therefore 


CL: AL comp. CK : DK, DH: AH. [p. 26] 
But 
CL: AL:: chord 2 are CE : chord 2 are AE, 
CK :KD:: chord 2 arc CF : chord 2 arc DF; [p. 27] 
and - 
DH: AH :: chord 2 are BD: chord 2 are AB. [p24 


And therefore 
chord 2 are CE : chord 2 arc AE comp. 
chord 2 arc CF : chord 2 are DF, chord 2 are BD : chord 2 are AB. 
In the same way, by straight lines constructed in a plane, it is also proved 
that 
chord 2 are AC’: chord 2 are AE comp. 
chord 2 are CD : chord 2 arc DF, chord 2 are BF : chord 2 are BE} 
Which things it was required to prove. 


1This analogous theorem is proved thus: With the same arcs as in the preceding figure, pro- 
duce the straight lines CE, CF, and EF of the four intersecting great circles of a sphere whose 
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14. On THE Arcs BETWEEN THE EQUATOR AND THE ECLIPTIC 


Now that this theorem has been expounded, we shall make the first applica- 
tion of the arcs as worked out above, in the following way: 

For let the circle ABCD be the circle through the poles of the equator and 
the poles of the ecliptic; and let AEC be the semi- 
circle of the equator, and BED the semicircle of the 
ecliptic, and the point £ their intersection at the 
spring equinox so that point B is the winter tropic 
and D the summer tropic. And let the pole of the 
equator A EC be taken on arc ABC, and let it be the 
point F’. And let the arc EG be taken on the ecliptic, 
and suppose it to be 30°, and through the points F 
and G let the are FGH of a great circle be drawn. 

And let it be proposed to find the are GH. 

Let it be understood now and generally in all such 
proofs, so we shall not have to repeat the same thing 
for each one, that, whenever we say of how many 
parts or divisions the magnitudes of ares or straight lines consist, we mean, in 
the case of arcs, of such divisions as the circumference of the great circle has 
360; and, in the case of straight lines, of such as the same circle’s diameter has 
120. 

Since, then, in the construction of the great circles, the two arcs FH and BE 
have been drawn to the ares AF and AE, intersecting at the point G, therefore 
chord 2 are AF : chord 2 are AB comp. 
chord 2 are FH : chord 2 arc GH, chord 2 arc EG: chord 2 arc BE. [p. 28 Fn] 

But 


Z2are AF =4350°, 
chord 2 are AF = 120°. 


centre is G. Let CE and AG meet at H, CF and DG at L, and EF and BG at K. Then the 
points H, L, and K lie in the same straight line since they all lie on the intersection of the 
same two planes: that of circle BAG, and that of triangle FEC. | 


Then 
CH : EH comp. CL: FL,FK :EK [p. 26] 
But 
CH : EH :: chord 2 arc AC : chord 2 arc AE£, 
CL: FL :: chord 2 are CD : chord 2 arc DF, 
and 


FK : EK :: chord 2 are BF : chord 2 are BE. {[p. 27] 
Substituting in the first expression, we have shown what was required. 
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And according to the ratio of 83 parts to 11, agreed to by us 
2 arc AB =47°42'40", 


and therefore 
chord 2 are AB =48P31'55”. 


[p. 26], 


And again 
2 arc EG=60°, 
chord 2 arc EG=60°; 
and 
2 arc BE=180°, 
chord 2 are BE = 120°. 
Therefore 
chord 2 arc FH : chord 2 arc GH comp. 120°? : 48°31'55”, 120° : 60?,! 
or 
chord 2 are FH : chord 2 are GH : : 120° : 24°15/57”. 
And 


2 arc FH = 180°, 
chord 2 arc FH = 120°; 
and therefore 


chord 2 are GH = 24°15’57”. . 
And so 
2 arc GH =23°19'59”, 
arc GH = 11°40’. 
And again let 


arc EG=60°, 
so that, the others remaining the same, 
2 arc EG = 120° 
chord 2 arc EG = 103°55'23”. 


Then again 
chord 2 are FH : chord 2 are GH : : 120" : 42°1'48”. 
And 
chord 2 are FH = 120° 
And so also 
chord 2 arc GH = 42?1'48”. 
And therefore 


2 arc GH =41°0'18” 
arc GH =20°30’9”. 
Which things were to be proved. 


1Since the compounding of ratios is equivalent to our multiplication of fractions, com- 
pounding with the inverse ratio is equivalent to our division of fractions. In other words, 


Ptolemy in this paragraph has first proved that 


chord 2 are AF _ chord 2 are FH chord 2 arc EG. 
chord 2 arc AB. chord 2 urc GH ~— chord 2 are BE 


He then says here 
chord 2 arc AF | chord 2 are EG _ chord 2 arc FH 


chord 2are AB chord 2 are BE chord 2 arc GH 


For the fundamental principles of the compounding of ratios the reader is referred to 
Euelid’s Elements, Books V and VI. The rules for the multiplication and division of fractions 
depend for their validity upon these principles of Euclid, unless one treats them as operations 


in a symbolic system, as in modern mathematical theory. 
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And now in the same way, by calculating the values for successive arcs, we 
shall lay out a table for the 90° of a quadrant, containing the values of arcs like 
those already proved. And here is the table: 


15. TABLE OF OBLIQUITY 


Arcs of the Arcs of the Arcs of the Ares of the 
Ecliptic! Meridian |Ecliptic| Meridian |Ecliptic| Meridian |Ecliptic| Meridian 
1 24 16 25 9 50 29 46 16 54 47 70 yf gl 


0 

2 10 48 31 26 10 12 46 47 7 12" 71 22 28° 57 
3 | 1 12 46 27 10 34 57 48 17. 29 27 72 22 37 17 
eet oT 8 28 10 56 44 49 17 46 20 73 22 45 11 
I ee ee 29 11 18 25 50 18 2 53 74 22 52 39 
6 | 2 25 22 30 11 39 59 51 18 19 15 75 22r 59) 41 
¢ {2 49 30 31 i erd 20 52 18 35 5 76 23 » Ging ll 
8 |3 13 35 32 12 22 30 53 18 50 41 77 2a 12 a7 
9 |3 37 37 33 12 43 28 54 Lome Foe 78 23 18 Ii 
10 |}4 1 38 34 13 4 14 55 19 20 56 a 23 23 28 
11 | 4 25 32 30 TBs ad, 56 19 35 28 80 23 238 16 
12 |4 49 24 36 13 45 6 57 19 49 42 81 23 32 30 
ise fo Id. 11 37 12 od «il 58 20. 3 3i 82 23 36 35 
14 | 5 36 588 38 14 25 2 59 20 17 4 83 23 40 2 
16 0 31 39 14 44 39 60 20 30 9 84 23 43 2 
16 |6 24 tI 40 1 4 4 61 20 42 58 85 23 45 34 
17 | 6 47 26 41 15 23 10 62 20 55 24 86 23 47 39 
18 | 7 10 45 42 15 42 2 63 al PF 21 87 23 49 16 
ie 38 (OF 43 16 Om, 88 64 21 18 58 88 23 50 25 
yo| 7 57° 3 44 16 18 58 65 21 30 Iii 89 23 51,6 
Ze 8 20° 0 45 16 37 20 66 ze ar OU 90 23 51 20 
22 |8 42 50 | 67 2’ 51 25 

23 |}9 5 382 68 wat 25 

24 |9 28 5 69 Zoemit Ii 


16. On ASCENSIONS IN THE RIGHT SPHERE 


And next it would be proper to demonstrate all together the values of the ares 
on the equator determined by circles drawn through the poles of the equator and 
given divisions of the ecliptic. For in this way we shall know corresponding to 
how many equatorial time-degrees the divisions of the ecliptic cross the meridi- 
an for any place and the horizon in the right sphere, because it is only in the 
right sphere that the horizon passes through the 
poles of the equator. 

Then let the last figure be constructed again. And 
again given the arc HG of the ecliptic, first as 30°, 
let it be required to find the arc EH on the equator. 

Then in the same way as before 

chord 2 arc BF : chord 2 arc AB comp. 
chord 2 arc FG: chord 2 are GH, 
chord 2 are HH : chord 2 are AE. [p. 28] 
But 
2 are BF=132°17'20", 
chord 2 are BF = 109°44’53”. 


And 
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2 arc AB=47°42’40”, 
chord 2 arc AB =48°31'55”. 


And again 
2-are 2G = 156-4017; 
chord 2 are FG =117°31'15’ ; 
and 
2 arc GH =23°19'59” [table, $14] 
chord 2 are GH =24°15'57”. 
Therefore 
chord 2 are EH : chord 2 arc AE comp. 
109°44’53” : 48°31’55”, 24°15/57” : 117°31/15"; 
or 
chord 2 arc EH : chord 2 arc AE : : 54°52’26” : 117°31/15” 
And 
54°52’26” : 11793115” : : 567125” ; 120°. 
And 
2 arc AE=180°, 
chord 2 arc AE =120?. 
Therefore 
chord 2 arc EH = 56"1/25”’; 
and so 
2 are HH =55°40’, 
arc EH = 27°50". 
Again let 


arc EG=60°. 
And so, the others remaining the same, 
2 are FG = 138°59'42” 
chord 2 are FG= 112°23’56" ; 


and 
2 arc GH =41°0'16”, 
chord 2 arc GH =42°1'48”. 
Therefore 
chord 2 are EH : chord 2 arc AE comp. 
109°44’53” : 48°31/55”, 42°1’48” : 112°23’567 ; 
or 
chord 2 arc HH : chord 2 arc AE : : 95°2’40” : 112°23/56”. 
And 
95°2’40” : 1122356” : : 101°28’20” : 120°. 
But 
chord 2 are AE =120?; 
and so 


chord 2 arc EH = 101°28’20”. 
And therefore 
2 arc HH =115°28’, 
arc HH = 57°44’. 

It has been shown that the first 30°from the equinoctial point on the ecliptic 
corresponds to 27°50’ in time on the equator; and the second 30° on the ecliptic 
to 29°54’ on the equator, since they both togethcr were proved to be 57°44’. 
And it is evident that the third 30° on the ecliptic will correspond in time to the 
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remainder of the equator’s quadrant, that is to 32°16’, since the ecliptic’s quad- 
rant corresponds in time to the equator’s quadrant, both being cut off by the 
same circles through the poles of the equator. 

In the same way, following this same method, we calculated the ares of the 
equator corresponding in time to each 10° of the ecliptic because ares smaller 
than these have practically equal differences as they increase. We shall set them 
out also, in order to have at hand, as we said, the amount of time it takes each 
are to cross the meridian for any place and the horizon in the right sphere. And 
we take as our starting place the point 10° from the equinox. 

The first are of 10° on the ecliptic takes 9°10’ equatorial time; the second, 
9°15’; the third, 9°25’; so that the first 30° on the ecliptic totals 27°50’ equatorial 
time. The fourth arc takes 9°40’; the fifth, 9°58’; the sixth, 10°16’; so that the 
second 30° on the ecliptic totals 29°54’ equatorial time. The seventh arc takes 
10°34’; the eighth, 10°47’; the ninth, 10°55’; so that the third 30° on the ecliptic 
totals 32°16’ equatorial time, and the whole quadrant 90°. 

And from this it is evident that the order is the same for the other quadrants, 
everything being the same in each of them, because the sphere is given as right; 
that is, the equator is not oblique to the horizon. 


BOOK TWO 


1. ON THE GENERAL POSITION OF THE INHABITED WORLD 


Now that, in the first book of the Composition, we have gone through those 
things concerning the system of the universe which had first to be understood in 
summary form, and as many other things concerning the right sphere as would 
be considered useful to an understanding of questions treated here, we shall try 
in the following book to present again, in the handiest possible way, the more 
important of those things having to do with the oblique sphere. 

And now this we must first understand in a general way that, if the earth is 
supposed cut into four equal parts by the equator and one circle through its 
poles, the extent of the part inhabited by us is very nearly enclosed in one or the 
other of the northern quadrants. And this would certainly be evident in the case 
of latitude—that is, of the passage from south to north—because everywhere 
the noon shadows of gnomons at the equinox fall to the north and never to the 
south. And also in the case of longitude—that is, of the passage from east to 
west—because the same eclipses, and especially the lunar ones, observed at the 
same time by those inhabiting the extreme eastern sections of that part of the 
earth inhabited by us and by those inhabiting the extreme western sections, 
neither precede nor lag behind by more than twelve equatorial hours. But the 
quarter part of the sphere in longitude embraces a twelve-hour interval since it 
is bounded by one of the semicircular arcs of the equator. 

Of the particular things which must be understood for the business at hand, 
one should especially consider the arrangement, one by one, of the circles north 
of the equator and parallel to it, according to the particularities of the places 
situated under them. That is, how far the poles of the equator are from the 
horizon; or how far the zenith is from the equator along the meridian circle; and 
in what places the sun reaches the zenith, and when and how many times that 
happens; what are the ratios of the equinoctial and tropical shadows cast at 
noon to their gnomons; and what are the differences of the longest and shortest 
days with respect to the equinoxes; and as many other things as are observed 
relative to the increase and decrease of solar days, with the correspondances in 
the risings and settings of the equator and ecliptic, and with the properties and 
magnitudes of the angles formed by the principal great circles. 


2. GIVEN THE MAGNITUDE OF THE LoNGEsT Day, How THE ARCS ON THE 
Horizon INTERCEPTED BY THE EQUATOR AND THE EcuipTic ARE GIVEN 


As a general example, let the circle drawn through Rhodes parallel to the 
equator be considered, where the height of the pole is 36° and the longest day is 
141% equatorial hours.’ And let the circle ABCD be the meridian; and BED the 


1An equatorial hour is }24 of the 360° of the equator or 15°. In other words an equatorial 
hour is 744 of a stellar day, a stellar day being the time it takes a fixed star to pass from a 
meridian back again to that same meridan, that is one complete revolution of the equator. 


For the purposes of Book II, Ptolemy considers the sun such a fixed star, although it will be 
34 
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eastern semicircle of the horizon; and likewise 
AEC the semicircle of the equator, and F its south- 
ern pole. And let the ecliptic’s winter-tropic point 
rise through G; and let FGH be drawn as the 
quadrant of the great circle through F and G. 

And first let the magnitude of the longest day 
be given; and let it be required to find the arc EG 
of the horizon. 

Now, since the turning of the sphere takes 
place around the poles of the equator, it is evi- 
dent that the points G and H will be at the merid- 
ian ABCD at the same time. And the time from 
the rising of G to its culmination at the upper 
meridian is contained by arc HA of the equator, and from its crossing the lower 
meridian to its rising by arc CH. It follows that the length of time of the day is 
double that contained by arc HA, and the length of time of the night is double 
that contained by are CH. For the sections above and below the earth of the 
circles parallel to the equator are exactly cut in half by the meridian. 

Therefore, since the arc FH is half the difference between the shortest or 
longest day and the equinoctial day, it is 114 hours on the given parallel or 
18°45’ in time, and the remainder of the quadrant, are HA, is 71°15’ in time. 
Since then, in the same way as in the previous proofs, the ares EB and FI] of 
great circles cutting each other at G have been drawn to the two ares AE and 
AF of great circles, 

chord 2 arc HA : chord 2.are AE comp. chord 2 are FH : chord 2 are Fa, 

chord 2 arc BG: chord 2 arc EB [p. 28] 


atts - Qare HA =142°30’, 
chord 2 are HA = 113°37'54’ ; 
ie 2 arc AE=180°, 
chord 2 are AF =120?; 
and 2 are FH = 180°, 
chord 2 are-F:H =120°; 
and 


2 are: FG1=132°17'20% 

1The arc FG is 66°8’40’, since the arc GH which marks the obliquity of the ecliptic is 
23° 51°20". 
pointed out in detail in Book III that this is not the case, just as it has already been stated in 
general in Book I. Therefore all the calculations relative to the sun in Book II are in error by 
the small amount such neglect entails. Pre 

In Book III, there is introduced the notion of a solar day, a solar day being the time it 
takes the sun to pass from a meridian back to that same meridian. The solar day, it will be 
seen, is very nearly 59’ [of arc] longer than the stellar day. Now in Book III an hour is defined 
as tee of the solar day; and this hour is used interchangeably with the equatorial hour, al- 
though it is very nearly 214’ longer than it. But the total error could never come to as much 
as 59’, which is less than 4 minutes in time; and Ptolemy declares that his instruments cannot 
be Serurate within less than 15 minutes in time. Therefore this ambiguity will have no effect 


on the accuracy of the caleulations. 4 vues, AV j. 
The degrees yn the equator are often referred to as “degrees in time”’ or “time-degrees”’ in 


referring to their time-measuring aspect. 
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chord 2 are FG = 109°44'53” 

Then 
chord 2 arc BG : chord 2 are EB comp. 113°37'54” : 120, 109°44’53” : 120° 
or 
chord 2 are BG: chord 2 arc EB: : 103°55’23” : 120° 
And since it is a quadrant, 
chord 2 arc EB=120?, 

and therefore 

chord 2 are BG = 103°55’23”. 


And so 
2 are BG = 120°, 
arc BG =60° 
And therefore as remainder 
ate HG =O0?: 


Which was to be shown. 


3. How, WITH THE SAME THINGS GIVEN, THE HEIGHT OF THE 
POLE IS GIVEN, AND CONVERSELY 


Now again, with this given, let it be required to find the height of the pole; 


that is, are BF of the meridian. Then, in the same figure 
chord 2 are EH : chord 2 arc HA comp. chord 2 arc EG : chord 2 are BG, 


chord 2 are BF : chord 2 are AF. [p. 28] 
But 
2 are BH =37°30", 
chord 2 arc EH =38°34'22” ; 
and 
2 are HA =142°30’, 
chord 2 are HA =113°37'54”; 
and again 
2 arc EG=60°, 
chord 2 arc EG=60?. 
Then 


chord 2 are BF : chord 2 are AF comp. 38°34/22” : 113°37'54”, 
103°55’23” : 60 
or very nearly 
chord 2 are BF: chord 2 arc AF : : 70°33’ : 120°. 
And again 
chord 2 arc AF = 120?, 
and therefore 
chord 2 arc BF = 70°33’. 
And so 
Pare F272? 4 
arc BF =36°. 

Again, conversely, let are BF, the height of the pole, be given by observation 
as 36°; and let it be required to find the difference between the longest or 
shortest day and the equinoctial day, that is twice are HH. Then 

chord 2 arc BF : chord 2 arc AB comp. chord 2 arc FG : chord 2 are GH, 

chord 2 arc EH : chord 2 are AL. 
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But 
2 arc BF =72°, 
chord 2 arc BF =70°32’3”; 
and 
2 are AB=108°, 
chord 2 are AB=97°4'56’; 
and again 
2 are FG 27 17'20” 
chord 2 are FG = 1094453”; 
and 
2 arc GH =47°42’40’, 
chord 2 arc GH =48°31'55”. 
Then 
chord 2 are EH : chord 2 are AE comp. 70°32’3” : 977456”, 
48P31'55” : 109°44'53” 
or 


chord 2 arc EH : chord 2 are AE : : 31°11'23” : 97?4'56”. 
And since, very nearly, 
31°11’23” : 97°4'56” : : 38°34’ : 120°, 
and 
chord 2 arc AE=120?, 
therefore it is inferred 
chord 2 arc EH =38734’. 
And so 
2 are EA =37°30' 
or 214 equatorial hours. Which was to be shown. 

Likewise the arc EG of the horizon will be given because the given ratio of 
the chord of 2 arc AF to the chord of 2 are 4B is compounded of the given 
ratio of the chord of 2 arc FH to the chord of 2 arc GH and the ratio of the chord 
of 2 arc EG to the chord of 2 are BE. And so, since BE is given, the magnitude 
of arc EG is left. 

It is evident that—even if we did not suppose the point G to be the winter 
tropic, but some point at one of the other divisions of the ecliptic—each of the 
arcs EH and EG would still be given in the same way. For we have set up, by 
means of the Table of Obliquity, the arcs on the meridian cut off by each 
division of the ecliptic and by the equator—that is, the arcs like GH. 

From this it follows that the divisions of the ecliptic made by the same paral- 
lels—that is, those equidistant from the same 
tropic point—make sections on the horizon the 
same and on the same side of the equator, and 
the magnitudes of the days and nights equal to 
each other, like to like. 

At the same time it is proved that the points 
produced by equal parallels—that is, those equi- 
distant from the same equinoctial point—make 
equal arcs on the horizon from either side of the 
equator, and make the magnitudes of the days 
and nights equal contrariwise, unlike to unlike. 
For if, in the figure already set out, we take also 
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the point K as the point where the circle equal and parallel to that through G 
cuts the semicircle of the horizon BED, and if we fill in the sections GL and 
KM of the parallels, which are clearly contrariwise and equal, and if we draw 
the quadrant NKO through K and the north pole, then the arcs AH and OC 
will be equal. For GL and KM are equal as like to like; and the remainder EH 
will be equal to the remainder HO. And the two sides of the similar three-sided 
figures HGH and EKO will be equal to each other, HH to EO and GH to KO, and 
each of the angles at H and O are right, so that base HG is equal to base EK. 


4. How ONE Is TO CALCULATE AT WHaT PLACES, WHEN, AND 
How Many TIMEs, THE SUN COMES TO THE ZENITH 


Now it is easy, once given these things, to calculate when and how many 
times the sun comes to the zenith. For since it is at once evident that the sun 
does not come to the zenith at all in those places under parallels farther away 
from the equator than the approximate 23°51’20” of the distance of the summer 
tropic point, and that it does so once, at the summer tropic itself, for those 
places under parallels at an equal distance from the equator, therefore it is also 
clear it comes to the zenith twice in those places at a distance less than that just 
given. And the setup of the Table of Obliquity makes the answer to the ques- 
tion, “When?” an easy one. For taking to the second column the number of de- 
grees by which the parallel in question is distant from the equator—that is, in 
the case of those parallels within the summer tropic—we shall have, in the first 
column, the corresponding number of degrees of the quarter of the ecliptic. 
And at the distance from either equinoctial point given by this number of de- 
grees, the sun comes to the zenith for the places under this parallel on the side of 
the summer tropic. 


5. How, From THines EXPLAINED, THE RATIOS OF THE GNOMONS TO THEIR 
EQUINOCTIAL AND TROPIC SHADOWS AT NOON ARE FounpD 


Now it will be made clear in the following manner that also the proposed ra- 
tios of the shadows to the gnomons are obtained more simply, if the are be- 
tween the tropics and the are between 
the horizon and the poles are given. 

For let the circle ABCD be the 
meridian around center £; and with 
A as zenith let the diameter AEC 
be drawn; and let CK FN, in the plane 
of the meridian, be perpendicular to 
it. CKFN is clearly parallel to the in- 
tersection of the meridian-plane and 
the horizon-plane. And since the earth 
as a whole is sensibly in the ratio of 
a point and centre to the solar sphere 
so that the centre E does not differ 
from the top of the gnomon, therefore 
let CE be thought of as the gnomon, and CKFN as the straight line on which, 
at noon, the ends of the shadows fall. And let the equinoctial and tropic 
noontide rays be drawn through EL. Let the equinoctial ray be BEDF, the sum- 
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mer tropic ray be GEHK, and the winter one LEM N;; so that CK is the summer 
shadow, CF is the equinoctial shadow, and C'N the winter shadow. 

Therefore, since the are CD, which is equal to the height of the pole above the 
horizon, is, in the given latitude, 36°, and the meridian ABC 360°, and each of 
the ares HD and DM approximately 23°51’20”, it is evident that, as remainder, 

arc CH =12°8/40”, 
and, by addition, 
arc CM =§9°51’20". 
And so, of the angles subtending these arcs, 
angle KEC =12°8/40”, 
angle FEC =36°, 
angle NEC =59°51’20”. 
And 
angle KEC =24°17'20” to 2 rt., 
angle FEC =72° to 2 rt., 
angle NEC =119°42’40” to 2 rt. 
And then, on the circles about the right triangles KEC, FEC, and NEC, 
are CK =24°17/20", 
arc CE =155°42’40” 
as remainder of the semicircle; and 
are CF =72°, 
arc CE = 108° 
likewise; and 
arc CN =119°42/407, 
arc CE =60°17'20” 
again as remainder of the semicircle. And so, of these chords, 
chord CE =117°18’51” 


where 
chord CK =25?14'43”; 
and 
chord CE =97?4’56” 
where 
chord CF =70°32/4’ ; 
and 
chord CE =60°15’42” 
where 


chord CN = 103°46/16”. 

And therefore, where CE equals 60°, CK the summer shadow equals 12°55’, CF 
the equinoctial shadow 43°36’, and CN the winter shadow very nearly 103°20’. 

It is therefore clear that, conversely, if any two ratios alone of these three of 
the gnomon CE to its shadows are given, then the height of the pole and the are 
between the tropics are given, since, if any two of the angles at # are given, the 
other is also given. For the arcs HD and DM are equal. But for the sake of ac- 
curacy in observations, the height of the pole and the arc between the tropics 
should certainly be taken in the way we have already shown. For the ratios of 
these shadows to their gnomons do not always agree, because the time of the 
equinoctial shadows is somehow in itself undetermined, and the ends of the 
winter shadows are hard to distinguish. 
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6. EXPOSITION OF THE PROPERTIES OF Each Pa 


In this same way we shall consider the most important o! 
have expounded for the other parallels also. And taking para 
inclination of 14 equatorial hour, which is sufficient, we shall 
position of their incidents before making a detailed one. 

i. We shall begin with the parallel under the equator — 
bounds the southern part of the whole quarter of the earth 11 
which alone has all days and nights equal to each other. Fo 
the sphere’s parallels to the equator cut in half by the horia 
sections above the earth are similar to each other and equal 
ing sections under the earth. And this is not the case with any 
of the sphere. Again, only the equator is everywhere cut in | 
and makes the days along it sensibly equal to the nights, sin 
circle. But the others are divided unequally; and, in the lati 
us, the parallels south of the equator have their sections ab 
their sections below earth and their days shorter than the 
versely the parallels north of the equator have their sections : 
and their days longer. 

And this parallel is also amphiscian, since for those living 
twice at the zenith, at the intersections of the equator and the 
those times only are the gnomons shadowless at noon. A 
passes through the northern hemisphere the gnomons’ shado\ 
and when it passes through the southern, to the north. Ther 
and winter shadows are very nearly 261% to the gnomon’s 60. 

We say “‘the shadows at noon,” speaking generally and 
preciable difference, because the equinoxes and tropics are b: 
completed exactly at noon. 

And all those stars which revolve along the equator pass 
for those under this parallel. And they are all seen to rise and 
of the sphere are on the horizon, none of the parallels mak 
always visible or invisible, and no meridians are cut short. I 
lieve there are human habitations under the equator; for, acc 
very temperate because the sun does not tarry about the 
speed of its passage through the divisions of the equator; 
summer heat would be temperate. Nor is the sun in the tropic 
zenith, so that the winter would not be severe. But we coul 
conviction what sort of habitations they are; for up until 
mained inaccessible to people from the part of the earth in. 
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and the stars contained by it are always visible. And the always: 
is that drawn with the south pole as pole at the same distance, 
within it are always invisible. 

ll. The second parallel is that whose longest day is 1214 eq 
And it is 444° from the equator, and is drawn through the islanc 
[Ceylon]. And it is one of the amphiscian parallels, since the sun 
zenith for those living under it and twice makes the gnomons 
noon when it is 7914° from the summer tropic on either side. Anc 
its passage the shadows of the gnomons fall to the south, and for 
to the north. Thereupon the equinoctial shadow is 4+ a+). 
shadow 2114, and the winter 32, to the gznomon’s 60. ol 

il. The third parallel is that whose longest day is 12% equator 
it is 8°25’ from the equator and it is drawn through the Aualitic 
Aden]. And it is amphiscian since the sun is twice at the zenith f 
under it, and twice makes the gnomons shadowless at noon, whe! 
the summer tropic on either side. And so for 138° of its passage | 
the gnomons fall to the south, and for the other 222° to the no 
equinoctial shadow is 8+14+14, the summer shadow 16+14 
winter 37+14+14+ 5, to the gnomon’s 60. 

iv. The fourth parallel is that whose longest day is 1234 equator: 
it is 1214° from the equator and is drawn through the Adulitic ( 
Bay]. And it is amphiscian, since the sun is twice at the zenith { 
under it and twice makes the gnomons shadowless at noon, wl 
from the summer tropic on either side. And so for 11514° of i 
shadows of the gnomons fall to the south, and for the other 24424 
Thereupon the equinoctial shadow is 1314, the summer shado' 
winter 441%, to the gnomon’s 60. 

v. The fifth parallel is that whose longest day is 13 equatorial h 
16°27’ from the equator and is drawn through the island of Me 
also amphiscian since the sun is twice at the zenith for those wh 
and twice makes the gnomons shadowless at noon, when it is 45° 
mer tropic on either side. And so for 90° of its passage the sl 
gnomons fall to the south, and for the other 270° to the north. 7 
equinoctial shadow is 17+144+14, the summer shadow 7+ 
winter 51, to the gnomon’s 60. 

vi. The sixth parallel is that whose longest day is 1314 equator 
it is 20°14’ from the equator and is drawn through the country of t 
And it is also amphiscian since the sun is twice at the zenith fc 
under it and twice makes the gnomons shadowless at noon, when 
the summer tronic on either side. And so for 62° of its passage t. 
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point. And the rest of the time the shadows of the gnomons fall to the north. 
Thereupon the equinoctial shadow is 2614, the winter shadow 65+14+1%, to 
the gnomon’s 60, and the summer shadowless. And all the parallels to the north 
of this one, as far as the one bounding our inhabited world, are heteroscian. For 
the gnomons at these parallels are never shadowless at noon and they never 
throw their shadows to the south but always to the north, because the sun is 
never at the zenith for these people. 

viii. The eighth parallel is that whose longest day is 1334 equatorial hours. 
And it is 27°12’ from the equator and is drawn through Ptolemais in the The- 
bais, also called Hermeias. Thereupon the summer shadow is 34, the equinoc- 
tial shadow 36+144+¥, and the winter 741, to the gnomon’s 60. 

ix. The ninth parallel is that whose longest day is 14 equatorial hours. And 
it is 30°22’ from the equator and is drawn through the low countries of Egypt. 
Thereupon the summer shadow is 6+14+14, the equinoctial shadow 3549, 
and the winter 83149, to the gnomon’s 60. 

x. The tenth parallel is that whose longest day is 1414 equatorial hours. And 
it is 33°18’ from the equator and is drawn through the middle of Phoenicia. 
Thereupon the summer shadow is 10, the equinoctial shadow 3914, and the 
winter 93149, to the gnomon’s 60. 

xi. The eleventh parallel is that whose longest day is 1414 equatorial hours. 
And it is 36° from the equator and is drawn through Rhodes. Thereupon the 
summer shadow is 12+144+144+ 49, the equinoctial shadow 43+144+, and 
the winter 10314. 

xii. The twelfth parallel is that whose longest day is 1434 equatorial hours. 
And it is 38°35’ from the equator and is drawn through Smyrna. Thereupon the 
summer shadow is 1524, the equinoctial shadow 47+14+ 4, and the winter 
1144+-44+4%+ Yo, to the gnomon’s 60. 

xiii. The thirteenth parallel is that whose longest day is 15 equatorial hours. 
And it is 40°56’ from the equator and is drawn through the Hellespont. There- 
upon the summer shadow is 1814, the equinoctial shadow 52)%, and the winter 
127+%+, to the gnomon’s 60. 

xiv. The fourteenth parallel is that whose longest day is 1544 equatorial 
hours. And it is 43°4’ from the equator and is drawn through Marseilles. There- 
upon the summer shadow is 20+14+ 4, the equinoctial shadow 55+14+14+ 
49, and the winter 144, to the gnomon’s 60. 

xv. The fifteenth parallel is that whose longest day is 15% equatorial hours. 
And it is 45°1’ from the equator and is drawn through the middle of Pontus. 
Thereupon the summer shadow is 2314, the equinoctial shadow 60, and the 
winter 155149, to the gnomon’s 60. 

xvi. The sixteenth parallel is that whose longest day is 1534 equatorial hours. 
And it is 46°51’ from the equator and is drawn through the source of the river 
Ister [Danube]. Thereupon the summer shadow is 2514, the equinoctial shadow 
63+44+44+ Yo, and the winter 171%, to the gnomon’s 60. 

xvii. The seventeenth parallel is that whose longest day is 16 equatorial 
hours. And it is 48°32’ from the equator and is drawn through the mouth of the 
Borysthenes [Dnieper]. Thereupon the summer shadow is 2714, the equinoctial 
shadow 67+4+, and the winter 188+144+ 49. 

xviii. The eighteenth parallel is that whose longest day is 16144 equatorial 
hours. And it is 50°4’ from the equator and is drawn through the middle of 
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Palus Maeotis [the Sea of Azof]. Thereupon the summer shadow is 29+144+14 
+9, the equinoctial shadow 7124, and the winter 20814, to the gnomon’s 60. 

xix. The nineteenth parallel is that whose longest day is 164% equatorial 
hours. And it is 51°40’ from the equator and is drawn through the southernmost 
parts of Britain. Thereupon the summer shadow is 31+14+ 49, the equinoctial 
shadow 75+14+ 49, and the winter 22914, to the gnomon’s 60. 

xx. The twentieth parallel is that whose longest day is 1634 equatorial hours. 
And it is 52°50’ from the equator and is drawn through the mouth of the Rhine. 
Thereupon the summer shadow is 3314, the equinoctial shadow 791/9, and the 
winter 253%, to the gnomon’s 60. 

xxl. The twenty-first parallel is that whose longest day is 17 equatorial 
hours. And it is 54°30’ from the equator and is drawn through the mouth of the 
Tanais [Don]. Thereupon the summer shadow is 34+14+14+ 49, the equi- 
noctial shadow 82+14+ 49, and the winter 278+14+ 4, to the gnomon’s 60. 

xxl. The twenty-second parallel is that whose longest day is 1714 equatorial 
hours. And it is 55° from the equator and is drawn through Brigantium [York] 
of Great Britain. Thereupon the summer shadow is 3614, the equinoctial shadow 
8524, and the winter 30414. 

xxii. The twenty-third parallel is that whose longest day is 1714 equatorial 
hours. And it is 56° from the equator and is drawn through the middle of Great 
Britain. Thereupon the summer shadow is 3724, the equinoctial 88+14+ 14, 
and the winter 33514, to the gnomon’s 60. 

xxiv. The twenty-fourth parallel is that whose longest day is 1734 equatorial 
hours. And it is 57° from the equator and is drawn through Caturactonium of 
Britain. Thereupon the summer shadow is 3914, the equinoctial shadow 92+14 
+140, and the winter 372145, to the gnomon’s 60. 

xxv. The twenty-fifth parallel is that whose longest day is 18 equatorial 
hours. And it is 58° from the equator and is drawn through the southern parts of 
Little Britain. Thereupon the summer shadow is 4024, the equinoctial shadow 
96, and the winter 419149, to the gnomon’s 60. 

xxvi. The twenty-sixth parallel is that whose longest day is 1814 equatorial 
hours. And it is 5914° from the equator and is drawn through the middle of Little 
Britain. 

We have not here used an increase of a quarter hour, because the parallels are 
now very close and the difference between the heights of the pole does not come 
to a full degree, and because it does not seem called for to finish out completely, 
in like fashion, the still more northern parallels. And for this reason we have 
thought it superfluous also to set out the ratios of the shadows to the oe 
as in the case of those places already defined. 

xxvu. And further where the longest day is 19 equatorial hours, there the 
parallel is 61° from the equator and is drawn through the northern parts of Little 
Britain. 

xxviii. And where the longest day is 1914 equatorial hours, there the parallel 
is 62° from the equator and is drawn through what are called the Ebrides Islands 
[Hebrides]. 

xxix. And where the longest day is 20 equatorial hours, there the parallel is 
63° from the equator and is drawn through the Island of Thule. 

xxx. And where the longest day is 21 equatorial hours, there the parallel is 
6414° from the equator and is drawn through unknown Scythian nations. 
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xxxl. And where the longest day is 22 equatorial hours, there the parallel is 
6514° from the equator. 

xxxii. And where the longest day is 23 equatorial hours, there the parallel is 
66° from the equator. 

xxxiii. And where the longest day is 24 equatorial hours, there the parallel is 
66°8’40” from the equator. And this is the first of the periscian parallels. For since 
the sun at the summer tropic does not set for that parallel, the shadows of the 
gnomons fall to every side of the horizon. And the parallel through the summer 
tropic is there always visible, and through the winter tropic always invisible, 
because they both touch the horizon from different directions. And the ecliptic 
coincides with the horizon whenever the point of the spring equinox is just rising 
from it. 

xxxiv. And if anyone for the sake of knowledge generally should want some of 
the broader incidents of the still more northern latitudes, he would find, where 
the height of the north pole is very nearly 67°, there 15° along the ecliptic on 
eitherside of thesummer tropic do notset; so that the longest day and the turning 
of the shadows to all parts of the horizon last for nearly a month. For these things 
can be easily understood from the Table of Obliquity, already given. For by as 
many degrees as we find the parallel distant from the equator—as for instance 
that parallel which cuts off 15° of the ecliptic on either side of the summer tropic 
and which is then either always invisible or always visible along the intercepted 
section of the ecliptic—by just so many degrees does the height of the north pole 
lack being a quadrant or 90°. 

xxxv. And then where the height of the pole is 6914°, there it would be found 
that 30° on either side of the summer tropic do not set; so that the longest day 
and the periscian gnomons last nearly two months. 

xxxvi. And where the height of the pole is 7314°, there it would be found that 
45° on either side of the summer tropic do not set; so that the longest day and 
the periscian gnomons last nearly three months. 

xxxvil. And where the height of the pole is 7814°, there it would be found that 
60° on either side of the summer tropic do not set; so that the longest day and 
the wheeling of the shadows are accomplished in nearly 4 months. 

xxxvill. And where the height of the pole is 84°, there it would be found that 
75° on either side of the summer tropic do not set; so that again the longest day 
would last for nearly 5 months and the periscian gnomons the same length of time. 

xxxix. And where the north pole is raised from the horizon the 90° of the 
whole quadrant, there the whole semicircle of the ecliptic north of the equator is 
never below the earth, and the whole southern semicircle is never above the 
earth; so that there is one day and one night in each year, each nearly six months 
long, and the gnomons are always periscian. And the properties of this latitude 
are that the north pole is always at the zenith, the equator occupies the position 
of the always visible and at the same time invisible circle and also of the horizon, 
putting the whole hemisphere north of itself above the earth and that south of it 
below the earth. 


— 


7. ON THE CO-ASCENSIONS OF THE ECLIPTIC AND THE EQUATOR 
IN THE OBLIQUE SPHERE 


Now that the general matters observed concerning the latitudes have been 
explained, the next thing would be to show how the co-ascending time-arcs of 
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the equator and the ecliptic can be gotten for each latitude. And from these 
all the other particularities will be deduced. We shall use the names of the 
zodiacal signs for the dodecatemories of the ecliptic as if they began from the 
equinoctial and tropic points, calling the first dodecatemory from the spring 
equinox in the direction opposite the movement of the universe the Ram, the 
second the Bull, and so on according to the order of the twelve signs handed 
down to us. 

And first we shall show that ares on the ecliptic equidistant from the same 
equinoctial point always ascend with equal ares on the equator. 

For let the circle ABCD be the meridian, and BED the semicircle of the hori- 
zon, and AEC the semicircle of the equator. And 
let FG and HK be two sections of the ecliptic, so 
that each of the points F and H is assumed to be 
the point of the spring equinox, and so that the 
ends of the equal ares FG and HK, taken on 
either side of it, ascend through the points K 
and G. 

I say that the arcs of the equator ascending 
with either of them, that is EF and EH, are 
equal. 

For let the points L and M be taken as the 
poles of the equator, and let the sections of great 
circles, LEM, HL, KL, FM, and GM be drawn 


through them. Then since 
arc FG=are HK, 
and the parallels through AK and G are equidistant from the equator on either 
side so that 
are LK =are MG 
and 
arc EK =arce EG, [p. 37, 38] 
therefore LKH and MGF have their sides equal respectively, and so also do 
LEK and MEG. Therefore 
angle KLE=angle GME, 
angle KLH =angle GA/F, 
so that, by subtraction, 
angle ELH =angle EMF. 
And therefore 
base EH =base EF. 
Which was to be proved. 

And again we shall prove that the arcs on the 
equator, ascending with equal arcs of the ecliptic 
equidistant from the same tropic point, are both 
together equal to the sum of the corresponding 
two in the right sphere. 

For let the meridian ABCD be set out, and the 
semicircle of the horizon BED, and the semicircle 
of the equator AEC. And let two equal ares on 
the ecliptic equidistant from the winter tropic 
point be drawn, the arc FG with F as the autumn 


46 PTOLEMY 


equinox and the arc GH with H as the spring equinox, so that the point G is 
the rising point of both on the horizon (because the ares FG and GH are cut off 
by the same circle parallel to the equator), and so that clearly arcs EH and 
GH co-ascend and also EF and FG. 

It is immediately evident, then, that the whole are HEF! is equal to the as- 
censions in the right sphere of the arcs FG and GH. For if we suppose the south 
pole of the equator to be the point K, and draw through K and the point G the 
quadrant of a great circle AGL which represents the horizon in the right sphere, 
then arc HL ascends with are GH in the right sphere, and likewise arc LF with 
arc GF. And so the two together, arcs HL and LF, are equal to the other two to- 
gether, arcs HE and EF, and are contained by the same arc HF. Which was to 
be proved. 

And for these reasons it has now become clear to us that, if we have calculated 
the particular co-ascensions in each latitude for a quadrant only, we shall have 
those of the other three quadrants already demonstrated. 

Then with these things established, let the parallel through Rhodes be con- 
sidered, where the longest day is 144% equatorial hours and the north pole is 
raised 36° above the horizon. And let the circle 
ABCD be the meridian; and likewise BED the 
semicircle of the horizon, AEC the semicircle of 
the equator, and FGH the semicircle of the eclip- 
tic, so that G is assumed to be the spring equinox. 
And with the north pole at the point K, let the 
quadrant of a great circle, are KLM, be drawn 
through it and L, the intersection of the ecliptic 
and the horizon. 

And given the arc GU, let it be required to find 
the arc on the equator ascending with it, that is 
GE. And let GL first embrace the dodecatemory 
corresponding to the Ram. 

Now, since again in this construction the arcs DE and KM of great circles, 
cutting each other at L, have been drawn to the two arcs CE and CK of great 
circles, therefore 
chord 2 arc DK : chord 2 are CD comp. chord 2 arc KL : chord 2 are LM, 

chord 2 arc EM : chord 2 are CE. 


But 
Move DH = 12 
chord. 2 arc DK =70°32’4’ ; 
and 
2 arc CD= 108°, 
chord 2 arc CD =97°?4'56" ; 
and again 7 
2 arc KL=156°41', 
epord 2-are KL=117°31'16" ; 
and 


1That is, the sum of arcs EF and EH; for they are not, of course, naturally the one the con- 
tinuation of the other, but are considered so for the purposes of proof, 
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2 arc LM! =23°19'59", 
chord 2 are LM =24°15'57”. 


Then 
chord 2 are EM : chord 2 arc CE comp. 70°32’4” : 97°4’56”, 
24P15/57” + 117°31/15", 
or 
chord 2 are EM : chord 2.:are CE : : 18°0’5” : 120°. 
And 
chord 2 are CE =120°, 
therefore 
chord 2 are EM =18°0'5”. 
And so 


2 arc HM =17°16', 
arc EM =8°38' 
But since the whole arc GM ascends with are GL in the right sphere, therefore 


[p. 32] 

arc GM =27°50’, 
and therefore, by subtraction, 

are HG =19°12’. 

And it is proved therewith that the dodecatemory which is the Fishes ascends 
in the same time, 19°12’; and that of the Virgin and that of the Balance is, 
each, what is left when this is subtracted from double the ascension in the 
right sphere [twice arc GJ], that is 36°28’ in time [p. 45].2 Which was to be 
proved. 

Again, let the arc GL embrace the 60° of the two dodecatemories of the eclip- 
tic, the signs of the Ram and the Bull. Then, because of this assumption, the 
other things remaining the same, 

2 arc KL =138°59'42”, 
chord 2 are KL=112"23'56” ; 


and 
2 arc LM =41°0'18", 
chord are LM =42?1'48”. 
Then again 
chord 2 arc EM : chord 2 arc CE comp. 70°32’4” : 97°4’56”, 
42P°]’48” ; 112°23'56’, 
or 
chord 2 are EM : chord 2 are CE : : 32°36'4” : 120P. 
And 
chord 2 are CH = 120?, 
therefore 
chord 2 arc EM =32°36'4”. 
And so 


2 arc EM =31°32’, 


1GL is given as 30°; hence LM is given in the Table of Obliquity, and KL is the difference 
between LM and 90°. 

In other words, the ascensions on either side of the autumn equinox are gotten by doubling 
are GM and subtracting are EG. For the are EG and the arc to be found are arcs on the equator 
ascending with equal arcs on the ecliptic equidistant from the winter tropic, and are therefore 
both together equal to the two equatorial arcs ascending in the right sphere—that is, twice 
arc GM. 
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are EM =15°46’. 

But, for the same reasons [p. 32], it has already been proved 
are GM =57°44’; 

and therefore, by subtraction, 
arc EG =41°58’. 

Therefore the Ram and the Bull together ascend in 41°58’ in time, with 
19°12’ of which the Ram has just been proved to ascend. And therefore the 
dodecatemory which is the Bull ascends with 22°46’ in time. 

And again, for the same reasons as before, the dodecatemory which is the 
Water Bearer will ascend with an equal 22°46’ in time; and the Lion and the 
Scorpion, each, with what is left when this is subtracted from double the as- 
cension in the right sphere; that is, 37°2’ in time. 

And since the longest day is 1414 equatorial hours and the shortest day 91 
hours, it is evident that the semicircle from the Crab (Cancer) to the Archer 
will ascend with 217°30’ in equatorial time, and the semicircle from the Goat 
(Capricorn) to the Twins with 142°30’. And so each of the quadrants on either 
side of the spring equinox will ascend with 71°15’ in time, and each of the quad- 
rants on either side of the autumn equinox with 108°45’ in time. And therefore 
there remain the dodecatemories, the Twins and Goat (Capricorn), each of 
which will ascend with the 29°17’ in time left over from the 71°15’ in time of the 
quadrant; and there remain the dodecatemories, the Crab (Cancer) and the 
Archer, each of which will ascend with the 35°15’ in time left over from the 
108°45’ in time of the quadrant. 

It is clear that in this same way we could also get the coascensions of the 
ecliptic for smaller divisions. 

But we could also calculate them in an easier and more systematic way, thus: 

For first let the circle ABCD be the meridian, BED the semicircle of the 
horizon, AEC that of the equator, and FEG that of the ecliptic, assuming the 
intersection EF to be the spring equinox. And let 
the arc EH on the ecliptic be taken at random, 
and let the section HK of the parallel to the equa- 
tor through H be drawn. And taking L as the 
pole of the equator, let there be drawn through 
it the quadrants of great circles LHM, LKN, and 
LE. 

It is thus immediately evident that the section 
EH of the ecliptic ascends with arc EM of the 
equator in the right sphere, but in the oblique 
sphere with the arc equal to AZN, since the paral- 
lel’s arc HK, with which section EH ascends, is 
similar to arc MN of the equator and the similar 
arcs of parallels have everywhere their ascensions in equal times. Therefore the 
ascension of section EH in the oblique sphere is less than that in the right sphere 
by arc EN. And it has also now been proved in general that, if certain arcs of 
great circles like LKN are thus drawn, the section EN will contain the difference 
between the ascensions in the right and oblique spheres of ares on the ecliptic 
cut off by Z and the parallel drawn through K. Which was to be proved. 

Now, with this first considered, let the figure be laid out with only the meridi- 
an and the semicircles of the horizon and the equator. And through F, the south 
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pole of the equator, let the quadrants of two 
great circles be drawn, FGH and FKL. And let G 
be assumed to be the intersection of the horizon 
and the parallel drawn through the winter tropic; 
and A the intersection of the horizon and the 
parallel drawn through the beginning of the 
Fishes, for example, or any other of the divisions 
of the given quadrant. 

Now again the arcs of great circles, FAL and 
EKG, intersecting at K, have been drawn to the 
ares of great circles FH and EH. And 

chord 2 arc GH : chord 2 are FG comp. 
chord 2 arc EH : chord 2 are EL, 


chord 2 arc KL: chord 2 are FK. 
But 2 are GH is given the same in all latitudes, for it is the distance between the 
tropics. And for this reason the remainder, 2 arc FG, is also given. And likewise, 
for the same sections of the ecliptic, 2 arc KL is the same for all latitudes and is 
given by the Table of Obliquity; and for this same reason 2 arc FK is given. And 
so the ratio : 


chord 2 are EH : chord 2 are EL 
is left also as the same in all latitudes for the same divisions of the quadrant. 
If, then, these things being true, we take the increasing values of are KL for 
each increase of 10° on the quadrant from the spring equinox to the winter 
tropic (for a division into arcs of this length will be sufficient for our use), we 
always have 
2 arc GH =47°42'40", 
chord 2 arc GH =48°31'55”, 
and 
2 are’ FG = 132°17'20” 
chord 2 are FG =109°44’53”. 
And when K is 10° from the spring equinox in the direction of the winter 
tropic, we likewise also have 
2 arc KL=8°3’16”, 
chord 2 arc KL =8»25’39” ; 
and 
2 arc FK =171°56'44”, 
chord 2 are FK =119°42’14”. 
And likewise, when it is 20° away, we have 
2 arc KL=15°54’6", 
chord’? are 71683556" * 
and 
2 arc FK = 164°5'54’, 
chord 2 are FK =118°50’47”. 
And when it is 30° away, we have 
2'arc KL =23°19'58", 
chord 2 arc KL=24?15’56”; 
and 
2 arc FK =156°40/2", 
chord 2 are FK =117°31/15”: 
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,And when it is 40° away, we have 
2 arc KL=30°8’8”, 
chord 2 arc KL= 31P 11/43” ; 
and 
2 are FK =149°51’52”, 
: chord 2 are FK = 115°52/19” F 
And when it is 50° away, we have 
2 arc KL=36°5'46”, 
chord 2 are KL =37°10'39"; 
and 
2 are. FK =143°54/14", 
chord 2 arc FK =114°5'44”. 
And when it is 60° away, we have 
2 arc KL=41°0'18”, 
chord 2 are KL=42?1'48” 
and 
2 arc FK =138°59'42’, 
chord 2 arc FK = 112°23’57”. 
And when it is 70° away, we have 
2 arc KL =44°40'22” 
chord 2 arc KL =45°36/18”; 
and 
2 arc FK =135°19/38”, 
| chord 2 are FK =110°59'47”. 
And when it is 80° away, we have 
2 arc KL =46°56/32”, 
chord 2 are KL =47°47’40"; 
and 
2.are FK = 133°3'28"; 
chord 2 are FK =110°4’/16”. 

And therefore, if we compound the ratio 

chord 2 arc GH : chord 2 are FG 
or 

48°31’55” : 109°44’53” 

with the inverse of 

chord 2 arc KL: chord 2 are FK 
for each 10° as just laid out, the result is the ratio 

chord 2 are EH : chord 2 are EL. 
And this is the same for all latitudes:—as 60° to 9°33’, when K is 10° from the 
equinox; to 18°57’, when 20° away; to 28°1’, when 30° away; to 36°33’, when 40° 
away; to 44712’, when 50° away; to 50°44’, when 60° away; to 55°45’, when 70° 
away; to 58°55’, when 80° away. 

Therefore it is evident that, being given 2 are EH for each latitude since it is 
equal to the difference iain the equinoctial day and the shortest day in time, 
and being given its chord and the ratio of this chord to that of 2 arc EL, we also 
have given 2 arc EL. And if we subtract the half of it—that is, arc HL itself 
containing the difference we have spoken of before [p. 48]—from the ascensions 
in the right sphere of the given arc of the ecliptic, we shall find the ascension of 
the same arc in the given latitude. 
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For let the latitude of the parallel of Rhodes be taken for an example, where 
2-0C dele = od GU, 
chord 2 arc EH =38°34"'. 
Then since 
60P : 38°34’ : : 9°33’ : 6°38’ 

Sear 12 Ty" 

> 7 2gP10 218" 

: + 36°33’ : 23°29’ 

2: 44P12’ ; 28°25’ 

>: 50°44’ : 32°37’ 

[i ear: Goro2 

: : 58°56. : 37°52’; 
therefore the chord of 2 arc EL is also available for each of the sections as they 
increase in the usual manner by 10°. And the half of the arc subtending this 
chord (that is, EL itself) is 2°56’ at the first 10°; 5°50’ at the second; 8°38’ at the 
third; 11°17’ at the fourth; 13°42’ at the fifth; 15°46’ at the sixth; 17°24’ at the 
seventh; 18°24’ at the eighth; and clearly 18°45’ at the ninth.! And so, since in 
the right sphere the arc through the first 10° on the ecliptic ascends with 9°10’ 
in time; through the second, with 18°25’; through the third, with 27°50’; 
through the fourth, with 37°30’; through the fifth, with 47°28’; through the 
sixth, with 57°44’; through the seventh, with 68°18’; through the eighth, with 
79°5’; and through the ninth, with the 90° in time of the whole quadrant; there- 
fore it is evident that, if we subtract from each of the ascensions in the right 
sphere just mentioned the corresponding difference or arc EL, we shall have the 
ascensions of those same arcs in the given latitude. And so the are through the 
first 10° of the ecliptic will ascend with 6°14’ in time; ; through the second 10° of 
the ecliptic, with 12°35’ in time; through the third 10°, with 19°12’; through the 
fourth, with 26°13’; through the fifth, with 33°46’; through the sixth, with 
41°58’; through the seventh, with 50°54’; through the eighth, with 60°41’; and 
through the ninth or the whole quadrant, with the 71°15’ taken from the half 
of the day. And therefore the first 10° of the ecliptic with 6°14’ in time; the sec- 
ond with 6°21’; the third with 6°37’; the fourth with 7°1’; the fifth with 7°33’; 
the sixth with 8°12’; the seventh with 8°56’; the eighth with 9°47’; and the ninth 
with 10°34’. 

And now with these things demonstrated, the ascensions of the other quad- 
rants are in consequence also demonstrated immediately. And having calculated 
in the same way the ascensions of the other parallels for each 10°, which is as far 
as it is possible to anticipate their use in every case, we shall set them out in a 
table for use in the rest of this treatise, beginning with the parallel under the 
equator and going as far as that whose longest day is 17 hours, and advancing 
by half-hour increases because of the almost uniform increases of the periods 
within the half-hours. Then, placing first the 36 divisions of 10° each, we next 
set. beside each one the time of its own ascension and then the successive addi- 
tions of them, in the following manner: 


1For when K is at 90° it coincides with H. Hence EL coincides with EH. 
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8. TABLE OF ASCENSIONS By 10° 


Through the 


) Right Sphere Atlantic Gulf Through Meroé 
Signs Tens | 12 hours | Lat. 0°O’ |12\% hours| Lat. 8°25’ | 13 hours |Lat. 16°27’ 
time total time tume total tame time total time 
10 Call 9° 10’ 8° 35’ 8” ap’ a oe 7° §8’ 
Ram 20 9° 5’ T8’"25! 8° 39’ ee le 16° 3’ 


30 9° m5" 27° 50’ |. 8° 52’ 26° 6’ Sr ili?’ 24° 20’ 


10 9°40’. |. 37° 30! |. 9° 8’ | 35° 14’ | 8° 36’ | 32° 567 
Bull 20 9° le AC. cee O° 2G! | 44° 4g [ g° ir | gle hage 
30-5). LOR Se")? “57° 44" o> br | 54° 34’ | 9° 27° | 51° aay 


10 10° 34’ 68° 18’ | 10° 15’ 64° 49’ 9° 56’ 61° 20' 
Twins 20 10° 47’ 79° 5’ | 10° 35’ 75° 24’ | 10° 23’ 71° 43° 
30 10° 55’ 90°. 0’ |, 10° 51’ 86° 15’ | 10° 47’ 82° 30’ 


10 | 10°55’ | 100° 55’ | 10° 59’ | 97° 14 | 11° 3’ | 93° 337 
Crab 20 | 10° 47’ | 111° 42’ | 10° 59’ | 108° 13’ | 11° 11" | 104° 44’ 
(Cancer) 30 | 10° 34’ | 122° 16 | 10° 53’ | 119° 6’ | 11° 12’ | 115° 56 


10 a * STS gy a Py Fe 9 a 4) es gna tot 
Lion 20 9 OS ae sO Tg 27 140 14) 1 10” 55? A 1370" 
30 - 9° 40’ | 152° 10’ | 10° 12’ | 150° 26’ | 10° 44’ | 148° 40’ 


10 9°, 25’. |. .16139635’ 9° 58’ | 160° 24’ | 10° 33’ | 159° 13’ 
Virgin 20 a SS a 9° pl’ | 170" 15’ | 10°, 25’ | 169° 33” 
30 9° 10’ | 180° 0’ 9° 45” | 180° 0’ | 10° 22’ | 180° 0’ 


10 OF 10% 1rib8o°ole’ 9° 45’ | 189° 45’ | 10° 22’ | 190° 22’ 
Balance 20 9° 15’) | 198° 25’ 9° 51’ | 199° 36’ | 10° 25’ | 200° 47’ 
30 9° 25’ | 207° 450’: 9° 58’ | 209° 34’ | 10° 33’ | 211° 20’ 


16%) 99h agnor PrggtP Ge ETH IMG 4! Hg thGh Stl guage 
Scorpion 20 | 9° 58’ | 227° 28” | 10° 27’ | 230° 13’ | 10° 55’ | 232° 59" 
30 | 10° 16’ | 237° 44’ | 10° 41’ | 240° 54’ | 11° 5” | 244° 4’ 


10 | 10° 34’ | 248° 18” | 10° 53’ | 251° 47’ | 11° 12’ | 255° 16! 
Archer 20 10° 47° | 259°. 6 | 10° 50) 20e—20 Jolie Ji") aim ane 
30 10° 559 92707 OE 10 ho" | A287 45 ed P98 8! 4 D7 FPSO’ 


10 10° 55’ | 280° 55’ | 10° 51’ | 284° 36’ | 10°47’ | 288° 17’ 
Goat 20 10° 47’ | 291° 42’ | 10° 35’) 295° -11’ |. 10° 23’ | 298° 40’ 
(Capricorn) 30 10° 34’ | 302° 16’ | 10° 15’ | 305° 26’ 9° 56’ | 308° 36’ 


10 10° 16’, | 312° 32% |' 9° 51’"| 315° 17° 9° 27° 41/318? © 3’ 

Water Bearer| 20 9° 58! Wr B22aBaild 99°29" oh 1824246" 99+ Merb BLS 44 
30 9° 40/9). BB2° d0% |» O° Sir) BBQs! 8° 36’ | 335° 40’ 

10 SB” Ie gel oo i Se” Tate at. 8° "17" | “343° 57" 

Fishes 20 9° 15’ | 350° 50’ 1°" 82 Bg" 1 BbIe B57 ee ge Bt) B59° MID? 
30 | 9° 10’ | 360°. 0’ 8°) 35! bi 360°, Of [el FP B84 1.8609), 10" 


Signs 


Ram 


Bull 


Twins 


Crab 


(Cancer) 


Lion 


Virgin 


Balance 


Scorpion 


Archer 


Goat 


(Capricorn) 


Water Bearer 


Fishes 
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8. TABLE OF ASCENSIONS BY 10°—Continued 


Through Soéne 


time 


23’ 


total time 


23’ 


Through the low 
countries of Egypt 
Tens \13% hours:|Lat. 23°51'| 14 hours |Lat. 30°22'\14% hours| Lat. 36° 


time 


6° 
13° 
20° 


28° 
36° 
45° 


54° 
64° 
vo 


86° 
97° 
109° 


121° 
133° 
145° 


156° 
168° 


| total time 


48’ 


53 


Through Rhodes 


time 


6° 
6° 
6° 


total time 


6° 14’ 
12° 35’ 
19° 12’ 


26° 13’ 
33° 46’ 
41° 58’ 


50° 54’ 
60° 41’ 
7h AS’ 


82° 31’ 
94° 18’ 
106° 30’ 


118° 50’ 
131° 13’ 
143° 32’ 


155° 45’ 
167° 54’ 
180° 0’ 


192° 6’ 
204° 15’ 
216° 28’ 


228° 47’ 
241° 10’ 
253° 30’ 


265° 42’ 
277° 29' 
288° 45’ 


299° 19’ 
309° 6’ 
318° 2’ 


326° 14’ 
333° 47’ 
340° 48’ 


347° 25/ 
353° 46’ 
360° 0’ 
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8. TABLE OF ASCENSIONS By 10°—Continued 


Through Through the Through the mouth 

the Hellespont middle of Pontus of the Borysthenes 

Signs Tens | 15 hours |Lat. 40°66'\15% hours| Lat. 45°1' | 16 hours | Lat.-48° 
time total tume time total time tame total tume 


10 5° 40’ 5° 40’ Mantes 5°Es’ 4° 36’ 4° 36’ 
Ram 20 5° 47’ 13°°27’ 5° 14’ 10° 22’ 4° 43’ 9° 1.0% 
30 6° 5! 17° 32’ 5° 33’ 15°55’ > 14° 20’ 


10 6° 29’ 24° 1’ 5° 58’ 21° 53’ 5° 26’ 19° 46’ 
Bull 20 7° * na! 61°25! 6° 34’ 28° 27’ 6° 5’ 25° 51’ 
30 7° 46/ 38° 51’ 7°20’ 35° 47’ 6° 52’ 32° 43’ 


10 8° 38’ 47° 29° 8° 15’ 44° 2’ 7° 53’ 40° 36’ 
Twins 20 9°" 32’ 57° °O)’ ie 53° 21’ oF 49° 41’ 
30 10° 29’ 67° 30’ | 10° 24’ 63° 45’ | 10° 19’ OOP a: 


10 11°°2a' 78° 51’ | 11° 26’ Tord’ ) eee ae’ LS wai. 
Crab 20 12°°r2’ 90°53’ | W2°*15} 87° 26’ | 12° 29’ 84° 0’ 
(Cancer) 30 72°°C0T | 103B°"28' 4 "F2°%53) | Wen°rl9’ |) eee 15’ 97° 15’ 


_ 10 12°" 46% | 116°%29’ || hB°rs2} |, e°*S1’ || Wa’ 40’ | 110° 535! 
Lion 20 °"S2f | 129°) 1’ || 18°22 | 126°°53! || Wee Sl’ | 124° eae’ 
30 12° 51’ | 141° 52’ | 13° 22’ | 140° 15’ | 18° 54’ | 138° 40’ 


10 12° 45’ | 154° 37’ | 13° 17’ | 153° 32’ | 18° 49’ | 152° 29’ 
Virgin 20 12° 43’ | 167° 20’ | 13° 16’ | 166° 48’ | 13° 47’ | 166° 16’ 
0 30 12° 40’ | 180° 0’ | 13° 12’ | 180° 0’ | 138° 44’ | 180° 0’ 


10 12° 40’ | 192° 40’ | 138° 12’ | 193° 12’ | 18° 44’ | 198° 44’ 
Balance 20 12° 43’ | 205° 23’ | 18° 16’ | 206° 28’ | 138° 47’ | 207° 31’ 
30 12° 45’ | 218° 8’ | 13° 17’ | 219° 45’ | 13° 49’ | 221° 20’ 


10 12° 51’ | 230° 59’ | 138° 22’ | 283° ;7' | ¥8° 54’ | 235° 14’ 
Scorpion 20 12° 52! | 243°°51’ | 13°22’ | 246° 29’ | 18° 51’ | 2405 ..5! 
30 12° 46’ | 256° 37’ | 13° 12’ | 259° 41’ | 13° 40’ | 262° 45’ 


10 12° 30’ | 269° 7’ | 12° 53’ | 272° 34’ | 13° 15’ | 276° 0’ 
Archer 20 12° 2’ | 281° 9’ | °12° 15’ | 284° 49’ | 12° 29’ | 288° .29! 
30 *1°* 21% | 202°980’ | Ale 26% | 29615! || Te 31° | 300° _0’ 


10 10° 29’ | 302° 59’ | 10° 24’ | 306° 39’ | 10° 19’ | 310° 19’ 
Goat 20 9° 32’ | 312° 31’ 9° 19’ | 315° 58’ 9° 5’ | 319%24 
(Capricorn) 30 8° 38’ | 321° 9’ 8° 15’ | 324° 13’ 7° 53’ | 327° 17’ 


‘ 10 7° 46’ | 328° 55’ 7° 20’ | 331° 33’ 6° 52’ | 334° 9’ 
Water Bearer| 20 7° 4’ | 335° 59’ 6° 34’ | 338° 7’ 6° 5’ | .840° 14’ 
30 6° 29’ | 342° 28’ 5° 58’ | 344° 5’ 5° 26’ | 345° 40’ 


10 6° 5! | 348° 33’ 5° 33’ | 349° 38’ 2 Wl’ | 360° ay 


Fishes 20 5° 47’ | 354° 20’ 5° 14’ | 354° 52’ 4° 43’ | 355° 24/ 
30 5° 40’ | 360° 0’ 5° 8’ | 360° 0’ 4° 36’ | 360° 0’ 
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8. TABLE oF ASCENSIONS BY 10°—Continued 


Through the mouth 
of the Tanais 


Through the southernmost 
parts of Britain 


Signs Tens 161% hours Lat. 51°30’ 17 hours Lat. 54°L' 
lame total tume time total tame 
10° 4° 5! 4e 5! 3° 36’ 3° 36/ 
Ram 20 4°12" oT rallies 7 or 
30 4°y rs 12° 48’ 4AaT ot ga iy a Oo 
10 4° 56’ 17°. 44’ 4°. 26’ 15° 45’ 
Bull 20 pe 25 -hS! eae |e 20° 49’ 
30 sane yA lig: ae ig 26° 457 ~ 
10 7° 29' 37°) 12’ wong’ 33° 50’ 
Twins 20 8° 49’ 46° 1’ 8° 33’ 42° 23' 
30 1 a Ng 5G” 115? 10h, 7 Vee 4 ae 
10 17% 36" 67° OT 1f* 43" 64° 13’ 
Crab 20 12° 145’ 80° 36’ LEA" v1" 14! 
(Cancer) 30 13% 39’ 94° 15’ 14°: 3’ 91° 17’ 
10 Na Sh od 108- 22’ 14° 36’ 105° 53’ 
Lion 20 14°-22’ 122° 44. 14° 52’ 120° 45’ 
30 14° 24’ 137° 8’ 14° 54’ los. oo 
10 14°. ha’ 15b° +27’ 14° 50’ 150° 29’ 
Virgin 20 14> 183 165° 45’ 14° 47’ 165° 16’ 
30 14° 15/ 180°. 0’ 14° 44’ 180° 0 
10 14° 15’ m94° 15/ 14° 44’ 194° 44° 
Balance 20 14° 18’ 208° 33’ 14° 47’ 209° 31’ 
30 14° 19’ 22 wa 14° 50’ 224° 21’ 
10 14° 24’ 237° 16’ 14° 54’ 239° 15/ 
Scorpion 20 a4" 22! 251° 38’ 14° 52’ 254°°° 7" 
30 14° 7’ 265° 45’ 14° 36’ 268° 437 
10 13° 39’ 279. ek hg 282° 46’ 
Archer 20 Iz 45 292° 9’ i |e 295° 47’ 
30 11° 36’ 303° 45’ i 25" 307° 30’ 
10 10° 14’ 313° 59’ 10°su7/ 317° 37’ 
Goat 20 8° 49’ 322° 48’ gy ast 326° 10’ 
(Capricorn) 30 7° 29’ 300° 17 “i. asa: to. 
10 6° 25’ S66°"42’ 5°56" 339° 11’ 
Water Bearer 20 5° 34’ 342° 16’ 5°. 4! 344° 15/5 
30 43: 567 347° 12’ 4° 26’ 348° 41’ 
10 4°31’ Sol 43’ . oy SoZ ak 
Fishes 20 4°72’ S50 oo" oS 45" 356° 24’ 
30 £2105! 360° 0’ 3436’ 360° 0’ 
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9. On PARTICULAR CONSEQUENCES OF THE ASCENSIONS 


It will be evident through the systematic means given below that, once the 
times of the ascensions have been set out by us in the foregoing manner, all the 
rest of those things which concern the particular will be easily available, and we 
shall neither need proofs with figures for each of them, nor more tables. 

For the first the length of the given day or night is gotten by calculating the 
degrees in time of the particular latitude: (1) in the case of the day by adding up 
the degrees in equatorial time from the point of the sun eastward to the point 
exactly opposite on the ecliptic, (2) in the case of the night, from the point op- 
posite to the sun. For if we take a fifteenth of the total time, we shall get how 
many equatorial hours the given distance is; but if we take a twelfth, we shall 
get how many degrees in time the seasonal hour of the same distance is. 

And the magnitude of the hour is also more easily found if, out of the fore- 
going table, the difference is taken laterally between the totals of successive 
additions of time in the parallel under the equator and that of the given lati- 
tude:,(1) in the case of the day at the point of the sun; (2) in the case of the 
night, at the point directly opposite on the ecliptic. For taking % of the differ- 
ence so found and adding it to the 15° in time of the equatorial hour when the 
sun is in the northern hemisphere, and subtracting it when it is in the southern, 
we shall get the number of degrees in time of the given seasonal hour.! 

And consequently we reduce the given seasonal hours to equatorial hours by 
multiplying the number of such hours in the day by the number of time-degrees 
in the hour for that day in that latitude, and the number in the night by the 
number of degrees in the hour for that night. For by taking 1/5 of the total we 
shall have the number of equatorial hours. Conversely we reduce the given 
equatorial hours to seasonal hours by multiplying by 15 and dividing by the 
given number of time-degrees for the hour of that particular interval. 

Again, given the time and any seasonal hour, we shail get the degree of the 
ecliptic which is rising at that time by multiplying the number of hours from 
the rising of the sun for the day, from the setting of the sun for the night, by the 
proper number of time-degrees for that hour. For we compare the resulting 
number with the ascensions of the given latitude: in the case of the day be- 
ginning with the sun and going eastward; in the case of the night, from the 
opposite point on the ecliptic. And.to whatever degree the number corresponds 
we shall say that degree rises at that moment. 

And if we wish to get the degreé culminating, we multiply the seasonal hours, 
counted always from midday to the given hour, by the proper number of time- 
degrees for that hour. Beginning from the sun eastward, with the ascensions in 
the right sphere, we compare the resulting number, and on whatever degree the 
number falls, that degree will be culminating at that moment. 

Likewise from the degree given as rising we shall get the degree culminating 
by locating the number resulting from the successive additions corresponding 
to the degree given as rising, in the table of the proper latitude. For by always 
subtracting from it the 90° in time of the quadrant, we shall find the degree 
culminating as that corresponding to the number resulting from this subtrac- 
tion found in the column of successive additions of the right sphere. And con- 


1For this difference, according to the construction of the Table [p. 52], is are EL which is 
half the difference between the given and the equinoctial day [p. 50]. 
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versely, from the degree given as culminating, we shall again get the degree 
which is rising by considering the number resulting from the successive addi- 
tions corresponding to the degree given as rising, in the table of the right sphere. 
For after always adding the 90° in time, we shall look for the degree, correspond- 
ing to the resulting number, in the column of successive additions of the given 
latitude. And then we shall have the degree rising at that moment. 

And it is also evident that for those living under the same meridian the sun 
is the same number of equatorial hours from noon or midnight; but for those 
not living under the same meridian, it will differ by as many equatorial hours 
as one meridian differs from the other. 


10. ON THE ANGLES FoRMED BY THE ECLIPTIC AND THE MERIDIAN 


Since we still have to treat of the angles, to complete this theory—I mean 
those angles made by the ecliptic—it must first be understood that we say a 
right angle is contained by great circles if, when a circle is drawn with the inter- 
section of the given great circles as pole and any distance, the arc intercepted 
on this circle by the sections of the great circles containing the angle is a quad- 
rant. And in general we say that whatever ratio the intercepted arc has to the 
circle drawn in the manner we described, that same ratio does the angle con- 
tained by the inclination of the planes have to four right angles. And so, since 
we suppose the perimeter to be 360°, whatever number of degrees the inter- 
cepted arc is found to be, that same number will the angle subtending it be. 
For instance, one right angle is 90°. 

Of the angles made by the ecliptic the most useful with respect to this theory 
are: (1) those contained by its intersection with the meridian, (2) those con- 
tained by its intersection with the horizon for each position, and likewise (3) 
those contained by its intersection with the great circle drawn through the 
horizon’s poles. And along with the exposition of these last angles will be given 
also an exposition of the arcs intercepted on this great circle by the intersection 
and the horizon’s pole—that is, the zenith. For every one of the aforemen- 
tioned things, when demonstrated, has a very considerable place in the theory 
and contributes most especially to researches concerning the parallaxes of the 
moon, since such work cannot advance without the prior understanding of these. 

But since there are four angles contained by the intersection of the two 
circles (that is, by the ecliptic and one of those intersecting it), and since we are 
going to speak of just one of them always similar in position, it is first necessary 
to determine that in general, of the two angles on either side of that are of the 
ecliptic east of the intersection of the circles, the one 
on the north is to be considered, so that the inci- 
dents and quantities which will be demonstrated be- 
long to such angles. And since the demonstration of 
the angles of the ecliptic considered with respect to 
the meridian is simpler, we shall begin with it, and 
we shall first prove that points on the ecliptic equi- 
distant from the same equinoctial point make the 
resulting angles equal to each other. 

For let ABC be the arc of the equator, and DBE 
the arc of the ecliptic, and point F the pole of the 
equator. And with arcs BG and BH cut off equal on 
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either side of the equinoctial point B, let there be drawn through the pole . and 
the points G and H the arcs of hvierichiat circles FKG and FHL. 

I say that 

| angle KGB=angle FHE. 

For the three-sided figure BGK is equiangular with the three-sided figure 
BHL, since it has its three sides equal to the three sides of the other respectively, 
GB to BH, GK to HL, and BK to BL. For all these things have been proved be- 
fore [Book 1, Chaps. 14, 15]. And therefore 

angle KGB=angle BHL=angle FHE. 


Which was to be proved. 

Again it must be proved that, given two points on the ecliptic equidistant 
from the same tropic point, the angles there formed with the meridian are to- 
gether equal to two right angles. 

For let ABC be an arc of the ecliptic with B given as the tropic point. And 
with the equal ares BD and BE intercepted on either 
side of it, let the arcs of meridian circles FD and FE 
be Avetw through the points D and EF and the pole 
F of the equator. 

I say that 
angle FDB angle FEC= 2 rt. angles. 

And this is immediately evident. For since the 
points D and E are equidistant from the same tropic 
point, ! 
arc DF =arc EF. 
And therefore 

angle FDB=angle FEB 


But 
angle FEB+angle FEC =2 rt. angles. 
And therefore 
angle FDB+angle FEC =2 rt. angles. 


Which was to be proved. 

And with these things understood first, let there be the meridian circle ABCD, 
and the semicircle of the ecliptic AEC owitha the point A taken as the tines 
tropic. And with A as pole and with a side of the inscribed square as distance 

let the semicircle BED be drawn. Since then the 

meridian ABCD has been drawn through the poles 
of AEC and those of BED, therefore. ED is the arc 

of the quadrant of a circle. Then the angle DAE is 
right. And, by what has just been demonstrated, the 
angle at the summer tropic is also right. Which was 
to be proved. 

Again let there be the meridian circle ABCD, and 
the semicircle of the equator AEC. And let the semi- 
circle of the ecliptic AFC be drawn in such a way 
that the point A is the autumn equinox; and with A 

-.as pole and with the side of the inscribed square as 
distance, let the semicircle BFED be drawn. 


D 
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For the same reasons, then; 'since A BCD has been 
drawn through the poles of AEC and BED, there- 
fore AF and ED are quadrants. And so the point F 
is the winter tropic, and as already proved 

are EF = 23°51’. 
And therefore, by addition, 
are FED =113°51', 
angle DAF =113°51’. 
And therefore, as already proved, the angle at the 
point of the spring equinox is what remains of two 
‘right angles or 66°9’. 

Again let there be the meridian circle ABCD, and 
the semicircle of the equator A EC, and that of the ecliptic BFD, so that the point 
F is taken as the autumn equinox, the are BF first.as one twelfth of the circle, 
that of the Virgin, and the point B clearly as the be- 
ginning of the Virgin. And again with B as pole 
and with the side of the inscribed square as dis- 
tance let the semicircle GHEK be drawn. 

And let it be required to find angle KBH. 

Since, then, the meridian ABCD has been drawn 
through the poles of AEC and GEK, each of the arcs 
BG, BH, and EGisa quadrant. Because of the con- 
struction, 
chord 2 are AB: chord 2arc AG comp. 

chord 2 are BF : chord 2 arc FH; 
chord 2 arc EH : chord 2 arc EG. 
But from things already proved 

Zre AD —2e 20 , 

chord 2 arc AB=24°16’; 


and 
2 arc AG=156°40’, 
chord 2 are AG=117°31’; 
and again 
2 arc BF=60°, 
chord 2 are BF =60°; 
and 3 1 
'2. are FH = 120°, 
chord 2 are FH =103°55'23”.. 
Then again 


chord 2 are EH : oe 2 arc EG comp. 24°16’ : LPL, 103°55’23” : 60P 
or, very nearly, 
) chord 2 are BH: chord 2 arc EG: eiugh ; 120° 
And 
chord 2 arc EG= 120°; ; 
and therefore 
chord 2 are HH =42°58’, 
And so 
2 arc EH =42°, 
are EH =21°, 
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And therefore, by addition, } 
arc HEK=111°, 
) angle KBH =111°; 

and, by previous proofs, the angle formed at the beginning of the Scorpion is 
also 111°, and each of the angles formed at the beginning of the Bull and of the 
Fishes is the 69° which remain from two right angles.. Which was to be proved. 

Again, with the same construction, let arc BF be taken as two twelfths of a 
circle, so that the point B is the beginning of the Lion and, with the same things 
being assumed, so that 


2 arc AB=4]1°, 
chord 2 arc AB =42°2’: 
and 
2 arc AG= 139°, 
chord 2 are AG =112?24’; 
and again 
2 are BF =120°, 
chord 2 arc BF = 103°55/23” ; 
and 
2 arc FH =60° 
chord 2 arc FH =60?. 
Then 
chord 2are EH : chord 2 are EG comp. 42°2’ ; 112°24’, 60° : 103°55/23” 
or -” 
chord 2 arc EH : chord 2 arc EG: : 25°53’ : 120°. 
Therefore 
chord 2 arc EH = 25°53’, 
And so 


2 are HH = 25°; 

are EH =1214°. 
Therefore, by addition, 

arc HEK = 10214", 
angle KBH = 10214°. 
And for this reason the angle formed at the beginning of the Archer is also 
10214°, and each of the angles formed at the beginning of the Twins and of the 
Water Bearer is what remains of two right angles, or 7714°. 
And we have proved what was required; and the method will be the same 

for still smaller sections of the ecliptic. But the exposition of the twelve signs is 
sufficient for the needs of this treatise. 


11. On THE ANGLES FORMED BY THE ECLIPTIC AND THE HORIZON 


And next we shall show how we can also get, for a given latitude, the angles 
formed by the ecliptic and the horizon; for they have a simpler system than the 
others that are left to do. Now it is clear that those formed with the meridian 
are the same as those formed with the horizon in the right sphere. But to get 
those in the oblique sphere it is first necessary to prove that points on the eclip- 
tic equidistant from the same equinoctial point make with the horizon, angles 
equal to each other. 

For let there be the meridian circle ABCD, and the semicircle of the equator 
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AEC, and that of the horizon BED. And let two 
sections of the ecliptic, FGH and KLM, be drawn 
in such a way that each of the points F and K is 
taken to be the autumn equinox, and 
arc FG=are KL. 
I say that also 
angle EGH =angle DLK. 

And this is immediately evident. For the three- 
sided figure EFG is equiangular with the three- 
sided figure EKL, since, by previous proofs, it 
has its three sides equal respectively to the three 
sides of the other; FG to KL, the section of the 
horizon GE to EL, and the ascension are EF to 


EK. Therefore also : 

angle HGF =angle ELK, 

and the supplements " 
angle EGH =angle DLK. 

Which was to be proved. _ 

And I say also that the two angles formed at two points directly opposite, 
one at the east and the other at the west, together make two right angles. 

‘For if we draw circle ABCD as the horizon and AECF as the ecliptic, cutting 
each other at the points A and C, 

angle FAD+angle DAE =2 rt. angles. 
But 
angle FAD=angle FCD 
so that 
angle FCD+angle DAE =2 rt. angles. 
Which was to be proved. 

And now that these things are so—since angles 
formed by the ecliptic and the same horizon, at 
points on the ecliptic equidistant from the same 
equinoctial point, have been proved equal—it 
will also follow that the angle at the east and the 
angle at the west, for points equidistant from the 
same tropic and formed by the ecliptic and the horizon, will together equal two 
right angles. And so, for this reason, if we find the rising angles from the Ram to 
the Balance, the rising angles of the other semicircle will be made known at the 
same time, and also the setting angles of both. And we shall briefly expound how 
this is demonstrated, using again as an example the same parallel—that is, the 
one where the north pole is 36° above the horizon. 

Now, the angles formed by the ecliptic and the horizon at the equinoctial 
points can be easily found. For if we draw the circle ABCD as the meridian and 
AED as the eastern semicircle of the horizon, and EF as a quadrant of the equa- 
tor, and if we draw the two arcs of the ecliptic BE and CE in such a way that 
the point £ is conceived as the fall equinox with respect to the quadrant BE and 
as the spring equinox with respect to CE, and B in the first instance becomes the 
winter tropic and C in the second becomes the summer tropic, then it is inferred 
that, since it is supposed 
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arc DF = 54°, 
and 
arc BF =are CG = 23°51’, 
therefore 


are CD =30°9’, m 5 


are BD = 77°5)¥. 
And so, since the point FH is a pole of the meridian 
ABC, therefore the angle DEC formed at the be- 
ginning of the Ram will be 30°9’, and angle DEB 
formed at the beginning of the Balance will be 


77°51". 


To show clearly the method for getting the others, let it be required, for ex- 
ample, to find the rising angle formed at the beginning of the Bull by the eclip- 


_ tic and the horizon. And let there be the meridian 


circle ABCD and the eastern semicircle of the 
given horizon BED. And let:the semicircle of the 
ecliptic AEC be drawn so that the point £ is the 
beginning of the Bull. And since in this same lati- 
tude, when the beginning of the Bull is just ris- 
ing, the point 17°41’ within the Crab is at the 
meridian under the earth (for we showed [p. 56] 
how to get such results easily from our Table of 
Ascensions). Therefore the arc CE is less than a 
quadrant. Then let the section HGF of a great 
circle be drawn with £ as pole and the side of the 
inscribed square as distance; and let the quad- 


rants ECG and EDH be filled out. But each of the arcs DCF and FGH is also a 
quadrant because the horizon BEH is through the poles of the meridian FCD 
and of the great circle FGH. Again, since the point 17°41’ within the Crab is 

22°40’ from the equator towards the north along the great circle through the 
equator’s poles (for this we have also proved), and since the equator is 36° from 
the horizon’s pole F along the same arc FCD, therefore it is inferred 


are CF = 58°40" 


Now with this given, because of the construction, 
chord 2 are CD : chord 2 arc DF comp. chord 2 are CE : chord 2 are EG, 
chord 2 arc GH : chord 2 arc FH. 
But, by what has already been laid down, 


and 


and again 


and 


2 arc CD= 62°40’, ct 


chord 2 arc Cu= 62°24". 


2 arc DF =180°, : 


chord 2 arc DF = 1200: 


2 are CE =155°22’, 
chord 2 are CE =117°14’; 


2 arc EG =180°, 


chord 2 are EHG=120?. 
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Then 
chord 2 arc GH : chord 2 arc FH comp. 62°24’ : 120°, 120° : 117714’ 
or 
chord 2 are GH : chord 2 are FH :: 63°52’ : 120°. 

And 

chord 2 arc FH = 120°; 
therefore ; 

chord 2 are GH = 63°52’. 
And so 


2 arc GH =64°20’, 
arc GH =32°10’, 
angle GEA =32°10’. 
Which was to be proved. 
Not to draw out this treatise by repeating for each case, the same method 
will be understood as used for the other signs and latitudes. 


12. ON THE ANGLES AND Arcs MADE BY THE ECLIPTIC WITH, AND ON, 
THE CIRCLE THROUGH THE POLES OF THE Horizon 


Now there remains the method by which we can get the angles formed by the 
ecliptic and the circle through the poles of the horizon for each latitude and 
position. And, as we said, there will result, at the same time and in each case, a 
eaneenon of the are on the circle french the poles of the horizon inter- 
cepted by the zenith and the intersection with the ecliptic. And again we shall 
set out the fundamental things for this particular situation; and we shall prove 
first that, if two points on the ecliptic equidistant from the same tropic inter- 
cept an equal number of time degrees on either side of the meridian (the one to 
the east, the other to the west), then the arcs on great circles from the zenith 
to each of these points are equal to each other, and the angles formed at these 
points in the way we have stipulated are equal 16 two right angles. 

For let there be a section of the meridian, ABC, and take the zenith B on it, 

and the pole of the equator C’. And let two sec- 

tions of the ecliptic, ADE and AFG, be drawn in 
such a way that the points D and F are equi- 

- distant from the same tropic and intercept equal 
arcs on the parallel through them from either 
side of the meridian ABC. And let the ares of 
G E great circles, CD and CF, be drawn through the 
points D and F from tha equator’s pole C; and 


~. from the zenith B the ares of great circles BD and 
Bre 
Isay that 


“are DU are BF, 


Cc 


and 
angle BDE+angle BFA =2 rt. angles. 
For since the fines D and F are equidistant from the — ABC by 
equal arcs on the parallel through them, 
angle BCD = angle BCF. 
Then we have the two three-sidéd figures BCD and BCF having two sides 
equal to two sides respectively, CD to CF and BC common, and the angles 
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contained by the equal sides equal—that is, angle BCD to angle BCF. And 
therefore 
base BD =base BF, 
angle BFC =angle BCD. 
But since it has juist been proved that the angles at points equidistant from the 
same tropic and formed by the ecliptic and circles through the equator’s poles 
are together equal to two right angles, therefore 
angle CDE-+angle CFA =2 rt. angles. 
But it was proved also 
angle BDC’ =angle BFC. 
And therefore 
angle BDE+angle BFA =2 rt. angles. 
Which was to be proved. 

Again, it must be proved that, when the same points on the ecliptic are equi- 
distant in time from either side of the meridian, the arcs of great circles from the 
zenith to these points are equal to each other; and the angles formed by these 
arcs with the ecliptic (the one in the east and the other in the west) are together 
equal to the two angles at the same point formed by the ecliptic and the merid- 
ian at that point, whenever the culminations of the points in either position are 
either both to the north or both to the south of the zenith. 

First let them be taken both to the south, and let there be the section of the 
meridian ABCD, and on it the zenith C, and the 
pole of the equator D. And let two sections of the 
ecliptic, AEF and BGH, be drawn so that points # 
and G, taken as the same, are equally distant from 
the meridian ABCD on either side by an arc of the 
parallel through the point. And again let the sec- 
tions of great circles, CE and CG, be drawn through Ne 
these points from C; and DE and DG, from D. 

By the same reasoning as before, since the points 
E and G, on the same parallel, make on that parallel 
equal arcs on either side from the meridian, there- 
fore the three-sided figure CDE is equiangular and 
equilateral with the figure CDG, so that 

arc CE=arc CG. 
I say then that 
angle CEF+angle CGB =angle DEF +angle DGB. 
For since angle DEF is the same as angle DGB, and 
angle CED =angle DGC, 
therefore 
angle CED+angle CGB=angle DEF. 
And so also 
angle CEF +angle CGB =angle DEF +angle DGB. 
Which was to be proved. 

Let the same sections of the aforementioned circles be again constructed so 
that this time the points A and B are north of the point C. 

I say that the same thing will follow, that is 

angle KEF angle LGB =angle DEF +angle DGB. 
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For since the angle DEF is the same as angle DGB 
and 

angle DEK =angle DGL, 
therefore, by addition, 
angle LGB =angle DEF -+-angle DEK. 

And so 
angle KEF+angle LGB =angle DEF + angle DGB. 

Now, again, let a similar figure be set out so that 
this time the point of the ecliptic’s eastern section 
when culminating, that is A, is south of the zenith 
C, and the point of the western section when cul- 
minating, that is 2, is north of it. 


I say that 

angle CEF 4+-angle LGB =angle DEF 
4+angle DGB +2 rt. angles 
For since 


angle DGC =angle DEC, 

and 

angle DGC +angle DGL =2 rt. angles, 
therefore also 
angle DEC + angle DGL =2 rt. angles. 
~ But angle DEF is the same as angle DBG. And so 

angle CEF +angle LGB =angle DEF +- 

angle DGB +angle DEC +angle DGL 


or 
angle CEF+angle LGB =2 angle DEF 4-2 rt. angles. 
Which was to be proved. 

And let the final combination be set out in a similar figure: the point A of the 
ecliptic’s eastern section culminating north of the 
point C, and the point B of the western section cul- 
minating south of it. 

L say that 
angle KEF +angle CGB +2 rt. angles =2angle DEF. 

For, by the same reasoning, again 

angle KEF+angle CGB 4-angle DEK + 
angle DGC =angle DEF +angle DGB 


or 
angle KEF +angle CGB 4+ angle DEK +- 
angle DGC =2 angle DEF. 
But 


angle DEK +angle DGC =2 rt. angles, 
angle DEK +angle DEC =2 rt. angles 


angle DEC =angle DGC. 
Which was to be proved. 
And it will be immediately clear that, from the angles and ares formed by the 
ecliptic with the great circle through the zenith in the way we have described, 
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those formed on the meridian and the horizon 
can be easily gotten. For if we draw the meridian 
circle ABCD, and the semicircle of the horizon 
BED, and that of the ecliptic FHG in any manner. 
whatsoever, then, whenever we conceive the 
great circle drawn through the zenith A as pass-. 
ing through the culminating point F, it will coin-_ 
cide with the meridian ABCD. And the angle 
DFE is immediately given us because the point 7 
and the angle formed at it by the meridian [Book 
11, Chap. 10] are given. And the arc AF is given 
because we know how far on the meridian the ._ 
point F is from the equator, and how far the 
equator is from the zenith A. And whenever we 
conceive the great circle drawn through A as passing through the rising point EF 
(for example, the semicircle AEC) then it is immediately clear that the are AE 
will always be a quadrant; because the point A is the pole of the horizon BED. 
And since for the same cause the angle AED is always right, and the angle 
formed by the ecliptic and the horizon (that is, angle DEG) is elven; Therefore 
the whole angle AEG is also given. Which was to be proved. 

And so it is clear that, since things are thus, if, in each latitude, we e calculate 
only the angles and arcs “préeediug the merndian ae only those from the begin- 
ning of the Crab to the beginning of the Goat, we shall have calculated at the 
same time [p.-63; p. 64] the angles and arcs hich follow the meridian, and for 
the rest of the signs both those preceding and those following. 

To make the method, here clear for,each position, again as an example, we 
shall set out what will be a general demonstration through one theorem, sup- 
posing that, in the same latitude (that is, where the north pole is 36° above. the 
horizon), the beginning of the Crab for instance is one equatorial hour to the 
east of the meridian. And in this position, for this parallel, the point 16°12’ with- 
in the Twins is culminating and the point 17°37’ within the Virgin is rising. 

Then let there be the meridian circle ABCD; and the semicircle of the horizon 
BED; and that of the ecliptic FGH in such a way 
that the point G is the beginning of the Crab, the 
point F 16°12’ within the Twins, and H 17°37’ 
within the Virgin. And let section AGEC of. the 
great circle through the zenith A and serogey G, 
the beginning of the Crab, be drawn. 

And let it be required fitst to find are AG. 

“Then it is evident that 

arc FH =91°25’, 

arc GH =77°37’. 
And likewise since the point 16°12’ within ‘the 
Twins intercepts 23°7’ on the meridian from the 
equator norinwand and the equator is 36° from 


the zenith A, therefore 


arc AF = 19°53! 
and, ht subtraction from the quadrant, 
are BF =77°7'~. 
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With these things given, it again follows from the construction thai chord 2 


are BF : chord 2 are AB comp,,chord 2 are FH : chord 2 are GH, 
chord 2. are HG : chord 2 arc AE. 
But 
2 arc BF=154°14’, 
chord 2 arc BF = 116?59’; 
and * 
2 arc AB=180°, 
chord 2 arc AB=120?; 
and again 
2 are FH =182°50’, 
chord 2 arc FH =119°58’; 
and 
2 are GH =155°14’, 
chord 2 are GH = 117712’. 
Therefore ; | 
chord 2 are EG: chord 2 are AE comp. 116°59’ : 120°, 117712’ : 119P58’ 
or 
chord 2 are EG): chord 2 are AE: : 114716’ : 1200. 
And 


and therefore 


And so 


And therefore, by subtraction 


Which was to be proved. 


chord 2 arc AE =120?; 
chord 2 arc EG=114°16’. 


2 are EG =114°26’, 
are EG =72°13’, 
from the quadrant, 
are AG =17°47’, 


And next we shall also find the angle AGH in this way: let the same figure be 


LZ 


set out, and with G as pole and with the side of 
the inscribed square as distance let the section 
KLM of a great circle be drawn so that, since cir- 
cle AGE has been drawn through the poles of 
EHM and KLM, each of the ares EM and KM is 
a quadrant. Then again, because of the con- 
struction, 
chord 2 arc EG: chord 2 arc EK comp. 
chord 2 arc GH : chord 2 arc HAL, 
chord 2 arc LM : chord 2.are KM. 
But : 


S 2 are HG =144°26’, 
chord 2 are EG =114°16’: 
and 
2 are HK =35°34’, 
chord 2 are EK =36°38’; 
and 4 


2 are GH =155°14’, 
chord 2 are GH =117°12’: 
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and 
2 arc HL = 24°46’ 
chord 2 arc HL = 25°44’. 
And so 
chord 2 arc LM : chord 2 arc KM comp. 114°16’ : 36°38’, 25°44’ : 117912’ 


or very nearly 
chord 2 arc LM : chord 2 arc KM : : 82P11’ : 120°. 


And 

chord 2 arc KM = 120°; 
therefore 

chord 2 are LM =82°11’. 
And so 


2 arc LM =86°28’, 
are LM =43°14’. 
And therefore, by subtraction, 
are KL =46°46’ 
angle LGK = 46°46’. 
And so, by subtraction from two right angles, 
angle AGH = 133°14'. 
Which was to be proved. 

Now, the method of finding these arcs and angles is inferred to be the same 
also for the rest. But to have them set out, ready to hand, we have calculated 
as many of the other arcs and angles as seemed likely to be useful for the de- 
tailed researches. And we have begun geometrically with the parallel through 
Meroé where the longest day is 18 equatorial hours and have gone to the parallel 
drawn above Pontus through the mouth of the Borysthenes. And we have used 
again, as in the case of the ascensions, an increase each time of a half hour for 
the latitudes, of a twelfth of a circle for the sections of the ecliptic, and of one 
equatorial hour for the positions either east or west of the meridian. And we set 
them out in tables, one for each latitude and sign, putting in the first column 
for each position the number of its equatorial hours’ distance from either side 
of the meridian; in the second column the lengths of the ares running, as we 
said, from the zenith to the beginning of the sign in question; and in the third 
and fourth columns the sizes of the angles formed at the intersections and situ- 
ated in the way we defined, with the positions east of the meridian in the third 
column and those west in the fourth. And it is necessary to remember, as we 
stipulated in the beginning, that, of the two angles contained by the section of 
the ecliptic east of the intersection, we have always taken the one to the north 
of it, comparing the size of each of them with the 90° of a right angle. And 
here are the tables.! 


1Since, for latitudes between the tropic of the Crab (Cancer) and the tropic of the Goat 
(Capricorn), the zeniths lie on the meridian between the points where the two tropics cul- 
minate, therefore, as the tropic of the Crab, for instance, is considered at the meridian and 
then farther and farther eastward, the arc of the great circle through the zenith and the tropic, 
first south of the ecliptic, comes nearer and nearer to coinciding with the ecliptic. Finally it 
does coincide, and then passes to the northern side of the ecliptic. The angle in question starts 
as a right angle, becomes smaller and smaller, does not exist or is equal to two right angles, and 
then starting again as if from two right angles gets smaller and smaller. This is repeated, 
mutatis mutandi, for all the signs. The letter N or S placed after an angle in the tables indicates 
that the point of the ecliptic culminating is north or south of the zenith for that angle and all 
below it until a change is indicated. 
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And now, although the business of the angles has been worked out and there 
is left to add to these things now established a research into the positions of the 
principal cities of each province according to their longitudes and latitudes for 
the calculations of the appearance observed in them, we shall do this exposition 
as a special geographical treatise by itself; and we shall follow the writings of 
those who have especially worked in this kind of thing, finding out how many 
degrees each city is from the equator along the meridian drawn through that 
city, and how many degrees east. or west of the meridian of Alexandria each 
city is. For we arrange the times of the other places with reference to this 
meridian. | 

Now we have thought it pertinent to add this much about these positions: 
whenever we wish to know, at a given hour in one of these places, what hour it 
is in some other if their meridians are different, we must take the number of 
degrees they differ from each other along the equator, and, according as the one 
sought is east or west of the one given, increase or decrease the given hour by 
that number of degrees to get the hour defined at the same time in the place 
sought. 


BOOK THREE 


Now that we have methodically gone through, in all that has been put together 
up until now, those things which have first to be completely grasped mathe- 
matically concerning the heavens and the earth, and also concerning the ob- 
liquity of the sun’s path through the middle of the zodiac [along the ecliptic] and 
its particular incidents in the right sphere and the oblique sphere for each lati- 
tude, we consider it proper after all this to treat of the sun and moon and to take 
account of the incidents concerning their movements, since without a prior 
understanding of them none of the appearances having to do with the stars can 
be discovered. And we find the treatise on the sun’s movement advanced first, 
for again, without this, matters concerning the moon could not be grasped in 
detail. 


1. ON THE YEAR’S MAGNITUDE 


Since finding the year’s time-length is the first of all the things demonstrated 
concerning the sun, we shall first learn from the treatises of the ancients the dis- 
agreements and difficulties concerning their statement on this, and especially 
from that of Hipparchus, a diligent and truth-loving man. For he is brought to 
a difficulty of this kind especially by the fact that, for the apparent returns of 
the sun with respect to the tropics and equinoxes, the length of the year is found 
to be less than 36514 days, but for its returns observed with respect to the fixed 
stars it is found to be more. And:from that he conjectures that the sphere of the 
fixed stars also has a very slow movement, and like that of the planets is in the 
direction contrary to that of the prime movement which revolves the circle that 
passes through the poles of the equator and the ecliptic. And we shall show this 
is so and how it comes about, in the chapters on the fixed stars. For matters 
concerning them could not be seen in their entirety without a prior understand- 
ing of the sun and moon. 

But for the present research we believe that we must consider the length of 
the year looking only to the sun’s return with respect to itself—that is, with re- 
spect to the oblique circle made by it [the ecliptic]—and that we must define the 
length of the year as the time in which the sun proceeds continuously from some 
fixed point of this circle back to the same point, supposing as we do that the only 
proper principles of this return are the points of this circle determined by the 
tropics and equinoxes. For, if we tell the story mathematically, we shall not find 
a more proper return than that which carries the sun through the same config- 
uration both in space and time, whether it be considered with respect to the 
horizons or the meridian or the magnitude of the solar days; and we shall find no 
other principles of the ecliptic except those accidentally defined by the tropic 
and equinoctial points. And if one examines the subject more physically, he will 
not find a more reasonable return than that which brings the sun from a like to 
a like weather-condition and from the same season to the same season; nor will 


7 


78 PTOLEMY 


he find other principles than those by which the seasons are the most completely 
distinguished. And the return of the sun considered with respect to the fixed 
stars seems quite inept for this reason particularly that their sphere is observed 
to make an ordered movement,contrary, to that of the heavens. For, with things 
this way, nothing will keep onefrom saying ‘that the length of the sun’s year is 
the time it takes the sun to overtake Saturn, for instance, or some other star. 
And so there would be many different years. 

And so we think it proper to consider such a period of time the sun’s year 
which is found, by as many observations as possible taken over a rather long in- 
terval, from one tropic or equinox back to the same. 

But since a suspected inequality 1 in the periods of even this return, suspected 
through continuous and successive observations, more or less worried Hip- 
parchus, we shall try briefly to show how this is nt at all disturbing, since we 
are sure by the continuous instrumental observations we have made of the 
tropics and equinoxes that these periods are not unequal. For we find them dif- 
fering by no appreciable amount from the additional quarter day, but at times 
by about as much as could be attributed to the error due to the construction or 
position of the instruments. For we guess from what Hipparchus reports that 
the error with regards to inequality belongs rather to the observations. For after 
he has first set out, in his treatise On the Precession of the Tropic and Equi- 
noctial Points, the summer and winter tropics seeming to him to have been ac- 
curately eBeeived and in order, he himself agrees that there is not such a differ- 
ence between them as to recognize for this reason an inequality in the year. For 
he adds this: “Then it is clear from these observations that the differences in the 
years have been altogether'small. But i in the case of the tropics I do not despair 
of Archimedes’ and my having made an error of as much as a quarter day both 
in observation and calculation. But the irregularity of the years can be ac- 
curately perceived from observations made on the bronze ring situated in what 
is called the Square Hall in Aléxandria which is supposed to indicate the equi- 
noctial day as that on which its concave surface begins to be lighted up from the 
opposite side.’” 

Then he lists, first, the dates of those autumn equinoxes which have been very 
accurately dbser'ved. One fell in the year 17 of the Third Callippic Period, Mesore 
30, at the setting of the sun; and another three years after, year 20, on pikes first 
of the intercalated days in the morning, which should have been noon, so that 
there-was a disagreement of a quarter day. And another a year after, year 21, 
at the sixth hour, which agreed with the preceding observation. And another 


‘The inequality of the year is here being judged in terms of the number of solar days. This 
might:séem arbitrary, since the days might be unequal. And indeed it will be seen later on in 
this Book that the solar.days are considered to be unequal. But the theory of their irregularity 
will be such that their inequality is exactly symmetrical within each year. But, of course, to 
judge that the inequality is symmetrical, it is necessary to, fall back on something else sup- 
posed equal. The Greeks usually supposed it to be the stellar day, the time it takes a fixed 
star to go from'a meridian back to the same meridian again. This is practically true for 
Ptolemy, but not absolutely so, because of the precession of the equinoxes. For, as we shall see 
in Book VII, the fixed stars move from west to east about the poles of the ecliptic nearly. a 
half a degree 1 in a hundred years. This introduces an irregularity in the length of the stellar 
day exactly parallel to one of the irregularities in the length of the solar day described in 
Chapter 9 of this Book, but one so small in es that it could not oe she Diet from day 
to day, or-even from year to year. 
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eleven years after, year 32, on the third of the intercalated days at midnight be- 
fore the fourth. And it should have been in the morning, so that there was again 
a disagreement of a quarter day. And another a year after, year 33, on the fourth 
of the intercalated days in the morning, which agreed with the preceding ob- 
servation. And another three years after, year 36, on the fourth of the inter- 
calated days in the evening. And it should have been at midnight so that there 
was again a disagreement of a quarter day. 

And next’ he lists those spring equinoxes likewise accurately observed. One 
fell in the year 32 of the Third Callippic Period, Mechir 27, in the morning. 
But he adds: “The ring in Alexandria was also lighted up equally on both sides 
at the fifth hour, so that the same equinox differently observed differed by near- 
nearly five hours.’”’ And he says the equinoxes following, up to the year 37, 
agreed with the addition of a quarter day. And eleven years after, year 43, 
Mechir 29-30, just after midnight, he says, there was a spring equinox, which 
also agreed with the observation in the year 32; and also, he says, with the ob- 
servations in the following years up to the year 50. For in that year it fell on 
Phamenoth 1 at sunset, within very nearly 134 days of that of the year 43, 
which is also proportional to the 7 intervening years. And so in these observa- 
tions there was no perceptible difference although it is possible for there to be 
an error of as much as a quarter day, not only as regards the tropic observations, 
but also the equinoctial. For even if the position or discrimination of the instru- 
ments is inaccurate by only 14600 of the circle through the poles of the equator, 
at the equinoctial intersections the sun makes up for this advance in latitude 
by shifting 14° in longitude along the ecliptic, so that there could be an incon- 
sistency of very nearly a quarter day. And there could be a greater error still in 
the case of instruments not placed permanently and not then corrected for each 
observation, but which have been attached for some time to the pavement with 
a view to keeping a steady position for a good while, where yet some long un- 
noticed shift has been made in them. And anyone can see an example of this in 
the bronze rings in the palestra of our city, which are supposed to be in the 
plane of the equator. For in making observations we find such a distortion in 
their placement, and especially in the case of the largest and oldest, that at 
times their concave surfaces twice suffer a shift in lighting at the same equi- 
NnoOxes. 

But certainly from such things Hipparchus himself does not think there is 
anything solid to support a suspicion of inequality in the lengths of years. But 
he says he finds by calculating from certain eclipses of the moon that the irregu- 
larity of the years, on the average, does not embrace a difference greater than 
three quarters of a day. And this would merit some attention if it were so and 
not evidently belied by the reasons he offers. 'For he calculates, by the lunar 
eclipses observed near certain fixed stars, by how much im each case the star 
Spica precedes the autumn equinox. And in this way he thinks he finds that 
once it was at its greatest distance of 614°, for the time he observed, and once 
at its least distance of 514°. And he infers from this fact that, since it is not 
possible for Spica to move so far in such a short time, itis likely that the sun, 
from which Hipparchus examines the positions of the fixed stars, does not al- 
ways make its return in an equal time.. 

But he has overlooked the point that, since this calculation cannot proceed 
without laying down the sun’s position at the eclipse, he, taking for this purpose 
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in each ease the tropics and equinoxes accurately observed by himself in those 
very years, thereby immediately makes clear that in comparing the years there 
is no difference beyond the addition of the quarter day. 

For example, from the observation of the eclipse in the year 32 of the Third 
Callippic Period he thinks he finds Spica preceding the autumn equinox by 
614°; but from the eclipse in the year 43 of the same period, by 514°. And like- 
wise setting beside these calculations the spring equinoxes accurately observed 
in those same years—so that by means of these he may get the sun’s positions 
at the middle of the eclipses, and from these the moon’s positions, and from the 
moon’s those of the stars—he says that the spring equinox of the year 32 fell on 
Mechir 27 in the morning, and that of the year 48 on Mechir 29-30 after mid- 
night, nearly 234 days later than that of the year 32, which is just equal to the 
quarter day added for each of the 11 intervening years. If, then, the sun has 
made its return to these equinoxes in neither more nor less time than the addi- 
tional quarter day, and if it is not possible for the star Spica to have moved 
114° in so few years, how could it be otherwise than absurd to take the results 
calculated from the principles assumed as an accusation against the very prin- 
ciples combined to produce them, as if one were unable to saddle anything else 
with the cause of this excessive movement of Spica except the equinoxes as- 
sumed at the same time to have been accurately and inaccurately observed, 
although there were many things which could have introduced such an error?! 
For it would seem much more possible that the distances of the moon at the 
eclipses with respect to the nearest fixed stars had been estimated rather 
roughly; or that the calculations either of the moon’s parallaxes for the sighting 
of its apparent positions or of the sun’s movement from the equinoxes to the 
middle of the eclipses had been effected neither truly nor aecurately. 

And I think Hipparchus himself recognized there is nothing convincing in 
such things as far as imposing a second anomaly on the sun, but I think he only 
wishes for the love of the truth not to keep back anything which could in any- 
way bring one to suspect. And so he himself used hypotheses concerning the 
sun and moon with just one anomaly belonging to the sun, an anomaly which is 
redeemed in the year considered with respect to the tropies and equinoxes. 
And in supposing these revolutions to be equal in time we do not observe the 
appearances at the eclipses differing in any perceptible way from the calcula- 
tions based on these hypotheses. For it would be quite perceptible if a correc- 
tion for the inequality of the year were not made at the same time, even if it 
were only a difference of one degree,or very nearly two standard hours. 

From all these things, and from the times of the returns which we ourselves 
have gotten from the consecutive passages of the sun observed by us, we do not 
find the magnitude of the year unequal if it is considered with respect to some 
one thing and not one time with respect to the tropic and equinoctial points 
and another with respect to the fixed stars. Nor do we find any more proper 
period of return than that which carries the sun from one tropic or equinoctial 
point, or any other point on the ecliptic, back to that same point. And we do 
think it entirely proper to explain the appearances by the simplest hypotheses 


1Hipparchus’ logic, contrary to what Ptolemy says, seems impeccable insofar as he is say- 
ing that assumptions which lead to their contradictories are false. But the reasoning must be 
right, and Ptolemy is also suggesting that there were many steps in between which might have 
been false. 
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possible, so long as nothing perceptible appears contrary to this deduction. 

And therefore it has become clear to us from what Hipparchus has shown 
that. the length of the year observed with respect to the tropics and equinoxes 
is less than 36514 days, but it would not be possible to find out with very great 
certainty by how much it is less since the increase of a quarter day remains per- 
eeptibly unchanged for many vears because of the very small difference. And so 
the extra amount can be perceived only when it is found added up together 
over a longer period of time. And it must be divided ameng the intervening 
years of the interval and it must be observed for a greater and a smaller number 
of years than this same interval. And the period of return will be gotten the 
more accurately the longer the time between the observations compared. And 
this is the case not only with this period of return, but with all of them. For the 
error resulting from the weakness of the observations themselves, even if they 
are managed accurately, 1s small and very nearly the same as far as the senses 
are concerned both for appearances considered over a long time and for those 
considered over a short time. And this error of observation, when it is dis- 
tributed over fewer years, makes the error in the length of the year greater and 
also in multiples of 1t over a longer pertod of time; and it makes the error in the 
length of the year smaller when distributed over a greater number of years. 

And therefore it is properly thought sufficient if, when we consider how much 
the time between us and the old yet accurate observations ean help in the ap- 
proximation of the supposed periods of revolution, we try to introduce them 
with the others and do not willingly forego the proper verification, and if we 
suppose the establishing of dates for a whole long age or for some great multiple 
of time between observations is the work for another’s love of wisdom and 
truth. Because of their age, then, the summer tropics observed by the pupils 
of Meton and Euctemon and those observed after them by the pupils of Aris- 
tarchus should be compared with those observed by us. But because the ob- 
servations of the tropics are generally hard to determine and, moreover, be- 
cause the observations handed down by these people were taken more or less in 
the rough, as Hipparchus also seems to have thought, we pass them over. We 
have used for this comparison the observation of the equimoxes, and, because 
of their accuracy, especially those given Hipparchus’ approval as having been 
most certainly taken by him, and those most carefully observed by ourselves 
with the instruments for such purposes described at the beginning of this 
treatise. And trom these we find that, im very nearly 300 years, the tropics 
and equinoxes fall one day sooner than the quarter-day addition to 365 days 
allows. 

For in the year 32 of the Third Callippic Period Hipparchus singles out es- 
pecially the autumn equinox as most accurately observed, and he says he 
calculates it to have fallen at midnight between the third and fourth of the 
intercalated days. And this is the year 178 after the death of Alexander. And 
285 years after in the year 3 of Antonine (which is 463 years after the death of 
Alexander) we observed, again most correctly, the autumn equinox as having 
fallen on Athyr 9 about one hour after sunrise. Therefore the return added on 
in all the 285 Egyptian years, that is those of 365 days each, all told 70-+-'4 +149 
days instead of the 71144 days due these years by the regular quarter-day addi- 
tion. And so the return fell sooner by very nearly | day less }49 than the regular 
quarter-day addition allowed. 
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And likewise Hipparchus again says the spring equinox in the same year 32 
of the Third Callippic Period was very accurately observed to have fallen on 
Mechir 27 in the morning. And this is 178 years after the death of Alexander. 
And likewise 285 years later (463 years after the death of Alexander) we find 
the spring equinox has fallen on Pactom 7 very nearly one hour after noon, so 
that the period reached the aforesaid 70+-14+140 days very nearly, instead of 
the regular quarter-day addition to the 285 years of 7114 days. Therefore the 
return of the spring equinox fell sooner by 1 day less 149 than the regular quarter- 
day addition allowed. And so, since 300 years to 285 years, and 1 day to 1 day 
less 140, are the same ratio, it is inferred that in very nearly 300 years the sun’s 
return with respect to the equinoctial points is sooner by 1 day than the regular 
quarter-day addition allows. 

Even if, because of its antiquity, we compare the summer tropic more or less 
roughly recorded by the pupils of Meton and Euctemon with that calculated 
by us, we shall find the same thing. For it is recorded to have taken place 
Athenianwise in the Magistracy of Apseudes, Egyptianwise Phamenoth 21 in 
the morning, and we, in the same 463rd year after the death of Alexander, very 
carefully calculated it to have fallen on Mesore 11-12 two hours after midnight. 
And from the summer tropic recorded under Apseudes to that observed by the 
pupils of Aristarchus in the year 50 of the First Callippic Period, as Hipparchus 
also says, 1s 152 years. And from this year 50 (which was the 44th year after 
the death of Alexander) to the 463rd year [after the death of Alexander], the 
year of our observation, is 419 years. Therefore, in the intervening 571 years 
of the whole interval, if the summer tropic observed by the pupils of Euctemon 
fell at the beginning of Phamenoth 21, very nearly 140+14+})% days have 
been added to the complete Egyptian years instead of the regular quarter-day 
addition to the 571 years of 142+14+14 days; so that this return fell sooner 
by 2 days less 2 than the regular quarter-day addition allowed. It is therefore 
evident that in 600 complete Egyptian years, the lengths of the solar years 
anticipate the regular quarter-day addition by nearly 2 whole days. 

And with many other observations we find this same thing happening, and we 
see Hipparchus several times agreeing to this. For in his treatise On the Length 
of the Year, when he compares the summer tropic observed by Aristarchus at the 
end of the year 50 of the First Callippic Period with the one taken again very 
accurately by himself at the end of the year 43 of the Third Callippic Period, he 
says as follows: ‘It is evident, therefore, that in 145 years the tropic has fallen 
sooner by half a day and night together than the regular quarter-day addition 
allows.”’ And again in his treatise On Intercalated Months and Days, saying first 
that the year, for the pupils of Meton and Euctemon, contains 365+14+ 4.5 
days and according to Callippus only 36514 days, he adds this: ‘“‘And we have 
found as many whole months in the 19 years as they, but we have found that 
the year comes to 1499 day less than the regularly added quarter day, so that 
in 300 Egyptian years the sum of the solar years is 5 days less than Meton’s and 
only 1 day less than Callippus’.”’ And also in summarizing his views by citing 
his own works, he says as follows: ‘‘And I have also treated the question of the 
length of the year in a book in which IJ show that the solar year (that is, the time 
in which the sun goes from a tropic back to the same tropic or from an equinox 
back to the same equinox) contains 365 days and less than 14 day by 490 of a 
day and night, and not as the mathematicians think 36514 days.” 
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I think, then, it has been made clear that the appearances observed up to this 
time concerning the magnitude of the year agree with the size just assigned the 
return of the tropic and equinoctial points by a concurrence of present ap- 
pearances with earlier ones. And since all this is so, if we distribute the one day 
over the 300 years, there falls to each year 12” of a day. And if we subtract this 
from the 365 days 15’ where the quarter day has been added, we shall have the 
length of the year we are looking for—that is, 365 days 14’ 48”. And this num- 
ber of days can be taken by us as the nearest approximation possible from the 
observations we have at present. 

And as regards the scrutiny of the movements of the sun and the other planets 
in their particularities which is best furnished ready to hand and all set out by 
the orderly construction of tables, we believe it is the necessary purpose and 
aim of the mathematician to show forth all the appearances of the heavens as 
products of regular and circular motions. And it is incumbent upon him to con- 
struct such tables as, proper and consequent upon this purpose, separate out 
the particular regular' motions from the anomaly which seems to result from 
the hypotheses of circles, and show forth their apparent movements as a com- 
bination and union of all together. In order, then, that we may get this sort of 
thing in more serviceable form for the demonstration under consideration, we 
shall set out the regular movements of the sun in their particularities in 
this way. 

For since a return has been proved to be 365 days 14’48”, if we divide these 
into the 360° of one circle, we shall have the sun’s mean daily movement along 
the ecliptic as approximately 0°59'8#17##13i”12¥31¥i;? for it will suffice to carry 
out the fractions to this power of sixtieths. And again, taking 144 of the daily 
movement along the ecliptic, we shall have for the hourly movement approxi- 
mately 0°2'271150443iv3"1vi, Likewise multiplying the daily movement by the 
30 days of a month, we shall have the mean monthly movement of 29°34 i81i36iii 
36'"15"30"'; and multiplying by the 365 days of an Egyptian year we shall have 
the mean yearly movement of 359°45'24'!454121 iv8v35¥i, Again multiplying the 
mean yearly movement by 18 years, because of the symmetry which will appear 
in the construction of the tables, and subtracting the whole circles, we shall have 
the surplus for the 18-year period, that 1s 355°37'251136i1120iv3.4"30¥1, 

We have accordingly drawn up three tables of the regular movement of the 
sun, one in forty-five rows and the others in two parts. The first table contains 
the mean movements for the 18-year periods; the second table contains first 
the movements for the Egyptian years, and then for hours; the third, first the 
movements for months and, under that, for days. The numbers designating the 
time are set out in the first columns, and in the next columns the degrees, min- 
utes, etc., are put beside them according to the proper combinations of each. 
And the tables are as follows: 

1The word ‘‘regular”’ is here used as a translation of the Greek word 6uaddés. On the other 
hand avopzaXia, its privative, is translated by the technical ‘‘anomaly”’ instead of by the more 
obvious “‘irregularity.”’ There will be times, however, when “‘irregularity”’ is used. The Greek 
word ovadds has three meanings, all significant in an astronomical context: (1) regular, (2) 
uniform, (3) mean or average. It is evident that ‘regular’ and “‘uniform” are here synonym- 


ous. But also the regular movement of the sun is computed as the average or mean movement 
of the sun for the interval of a solar year. 


*The superscripts indicate the powers of the sixtieths in the denominator. Thus in ordinary 
fractions this would be written $8 + ¢o2 + 6? + 684, etc. 
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2. TABLE OF THE SuUN’S REGULAR MOVEMENT 
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The surplus of the distance from the apogee of the sun 5°30’ within the Twins to its mean 


epoch in the year I of Nabonassar 0°45’ within the Fishes is 265°15’. 
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3. On THE HYPOTHESES CONCERNING REGULAR AND CIRCULAR MOVEMENT 


Since the next thing is to explain the apparent irregularity of the sun, it is 
first necessary to assume in general that the motions of the planets in the direc- 
tion contrary to the movement of the heavens are all regular and circular by 
nature, like the movement of the universe in the other direction. That is, the 
straight lines, conceived as revolving the stars or their circles, cut off in equal 
times on absolutely all circumferences equal angles at the centres of each;! and 
their apparent irregularities result from the positions and arrangements of the 
circles on their spheres through which they produce these movements, but no 
departure from their unchangeableness has really occurred in their nature in 
regard to the supposed disorder of their appearances. 

But the cause of this irregular appearance can be accounted for by as many 
as two primary simple hypotheses. For if their movement is considered with 
respect to a circle in the plane of the ecliptic concentric with the cosmos so that 
our eye is the centre, then it is necessary to suppose that they make their regular 


1This principle of celestial mechanics will be considerably broadened in the case of the 
moon and the other five planets as treated in Books V, [X, and X. 
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movements either along circles not concentric with the cosmos, or along con- 
centric circles; not with these simply, but with other circles borne upon them 
ealled epicycles. For according to either hypothesis it will appear possible for 
the planets seemingly to pass, in equal periods of time, through unequal arcs of 
the ecliptic circle which is concentric with the cosmos. 

For if, in the case of the hypothesis of eccentricity, we conceive the eccentric 

circle ABCD on which the star moves regularly, 
‘ with # as center and with diameter AED, and the 
point F on it as your eye so that the point A be- 
comes the apogee and the point D the perigee; and 
if, cutting off equal arcs AB and DC, we join BE, 
BF, CE, and CF, then it will be evident that the 
star moving through each of the ares AB and CD in 
an equal period of time will seem to have passed 
through unequal arcs on the circle described around 
F as a centre. For since 
C angle BEA =angle CED, 
D therefore angle BFA is less than either of them, and 
angle CFD greater [Eucl. 1, 16]. 

And if in the hypothesis of the epicycle we con- 
ceive the circle ABCD concentric with the ecliptic with centre E and diameter 
AEC, and the epicycle FGHK borne on it on 
which the star moves, with its centre at A, then 
it will be immediately evident also that as the 
epicycle passes regularly along the circle ABCD, 
from A to B for example, and the star along the 
epicycle, the star will appear indifferently to be 
at A the centre of the epicycle when it is at F or 
H; but when it is at other points, it will not. But 
having come to G, for instance, it will seem to 
have produced a movement greater than the reg- 
ular movement by the are AG; and having come 
to K, likewise less by the arc AK. 

Then with the hypothesis of eccentricity it is 
always the case that the least movement belongs 
to the apogee and the greatest movement to the 
perigee, since angle AFB is always less than angle 
DFC. But both cases can come about with the hypothesis of the epicycle. For 
when the epicycle moves contrary to the heavens [from west to east], for exam- 
ple from A to B, if the star so moves on the epicycle that it goes from the apogee 
again contrary to the heavens (that is, from F in the direction of G@), there will 
result at the apogee the greatest advance, because the epicycle and the star are 
moving the same way. But if the movement of the star on the epicycle is in the 
direction of that of the heavens [from east to west], that is, from F towards K, 
conversely the least advance will be effected at the apogee because the star is 
then moving contrary to the movement of the epicycle. 

With these things established, it must next be understood that, in the case of 
those planets which effect two anomalies, it is possible to combine both of 
these hypotheses, as we shall show in the chapters concerning them. But, in 
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the case of those planets subject to only one anomaly, one of the hypotheses 
will suffice. And it must be understood that all the appearances can be cared 
for interchangeably according to either hypothesis, when the same ratios are 
involved in each. In other words, the hypotheses are interchangeable when, in 
the case of the hypothesis of the epicycle, the ratio of the epicycle’s radius to 
the radius of the circle carrying it} is the same as, in the case of the hypothesis 
of eccentricity, the ratio of the line between the centres (that is, between the 
eye and the centre of the eccentric circle), to the eccentric circle’s radius; with 
the added conditions that the star move on the epicycle from the apogee in the 
direction of the movement of the heavens with the same angular velocity as 
the epicycle moves on the circle concentric with the eye in the direction op- 
posite to that of the heavens, and that the star move regularly on the eccentric 
circle with the same angular velocity also and in the direction opposite to the 
movement of the heavens. 

And we shall briefly show in a systematic way, first by reasoning and secondly 
by the numbers discovered in the appearances of the sun’s anomaly, that with 
the above assumptions the same appearances agree with either hypothesis. 

I say first, then, that on either hypothesis the greatest difference between the 
regular movement and the apparent irregular movement (difference by which 
the mean passage of the stars is apprehended) occurs when the apparent angular 
distance cuts off a quadrant from the apogee; and that the time from the apogee 
to this mean passage is greater than from this mean passage to the perigee. 

Therefore it results—always on the hypothesis of the eccentric circles, and on 
the hypothesis of the epicycle whenever their movements occur in the direction 
of the movement of the heavens—that the time from the least passage to the 
mean passage is greater than that from the mean to the greatest passage, be- 
cause in each case the least progress is effected at the apogee. But on the hypoth- 
esis of the epicycles which supposes the revolutions of the stars on them in the 
direction contrary to that of the heavens, conversely the time from the greatest 
to the mean passage is greater than that from the mean to the least, because in 
this case the greatest progress is effected at the apogee. 

First, then, let there be the star’s eccentric circle ABCD with centre E and 
diameter AEC. And let the centre of the ecliptic be 
taken (that is, the point at the eye), and let it be F. 
And with BFD drawn through F at right angles to 
AEC, let the star be supposed at points B and D, 
so that the apparent angular distance on either 
side from the apogee A is clearly a quadrant. 

It must be proved that the greatest difference 
between the regular and irregular movements oc- 
curs at the points B and D. 

For let EB and ED be joined. Then it is im- 
mediately evident that the are of the anomalistic 
difference has to the whole circle the same ratio 
that angle EBF has to 4 right angles, since the 
angle AEB subtends the are of the regular move- 
ment and angle AFB that of the apparent irregular movement, and angle EBF 
is the difference between them. 

1The circle carrying the epicycle is often called the deferent. 


A 
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I say, then, that no other angle can be constructed on the circumference of 
the circle ABCD and on the straight line EF greater than these two at B and D. 

For let the angles EHF and EKF be constructed at the points H and K, and 
let HD and KD be joined. Since then in every triangle the greater side sub- 
tends the greater angle, and 


HF>FD, (Eucel. 111, 7,3] 
also angle HDF >angle DHF 
But angle EDH =angle EHD 
since EH=ED. 
And therefore angle EDF >angle EHF, 
angle EBD>angle EHF. 
Again since DF> KF, 
angle FAD>angle FDK. 
But angle EK D=angle EDK, 
since again Ide =a 


And therefore, by subtraction, 
angle EDF >angle EKF, 
angle EBF> angle EKF. 

Therefore it is not possible to construct other angles in the way we have de- 
scribed greater than those at points B and D.! 

And at the same time it is proved that are 4B, which embraces the time 
from the least to the mean movement, is greater than are BC which embraces 
the time from the mean to the greatest movement, by twice the arc containing 
the anomalistic difference. For 

angle AF B=angle EFB-+angle EBP, 
=rt. angle+angle EBF, 
and 
angle BEC+angle EBF=rt. angle. 

Again, to prove the same thing occurs in the other hypothesis, let there be 
the circle ABC concentric with the cosmos, with center D and diameter ABD; 
and let there be in the same plane the epicycle EFG with centre A, carried on it. 
And let the star be supposed at G where it appears to be a quadrant’s distance 
from the apogee point. And let AG and DGC be joined. 


1The Greeks, in general, avoided the notion of a body’s speed at a given point, and Ptolemy 
here handles the problem in the classic way, in terms of boundary points. Thus by proving 
that the greatest difference between the angle of the regular movement and that of the ap- 
parent irregular movement is at a point an apparent quadrant’s distance from the apogee, it 
then follows that this point is a boundary point such that for all arcs between it and the 
apogee the star will appear to move more slowly than its regular or average movement, and 
for all arcs between it and the perigee the star will appear to move faster than its regular or 
average movement. Ptolemy therefore calls the point itself the point of the star’s mean pas- 
sage. It is not very different from saying in modern terms that the speed of the star at this 
point is its regular speed. 

That the point of greatest anomalistic difference is such a boundary point is simply stated 
by Ptolemy and not explained. The explanation is this: From the apogee to the point of 
greatest difference the apparent angular speed of the star is always slower than its regular 
speed, for otherwise the difference between the two angles traveled would not be getting 
greater and greater. Likewise from the point of greatest difference to the perigee the apparent 
angular speed is greater than the regular speed, for otherwise the difference between the two 
angles traveled would not be getting less and less. 
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I say that the straight line DGC is tangent to 
the epicycle. For at that time there occurs the 
greatest difference between the regular and ir- 
regular movements. 

For since the regular movement from the apo- 
gee is contained by the angle HAG (for the star 
traverses the epicycle, and the epicycle the cir- 
cle ABC, with the same angular velocity), and 
the difference between the regular and apparent 
movements is contained by the angle ADG, 
therefore it is evident that also the difference 
between angle HAG and angle ADG (that is, 
angle AGD) contains the apparent angular dis- 
tance of the star from the apogee. And so, since 
it is assumed to be the angle of a quadrant, 
angle AGD will also be a right angle, and therefore the straight line DGC will be 
tangent to the epicycle HFG [Eucl. 111, 16, Por.]. Therefore the arc AC between 
the centre A and the tangent is the greatest anomalistic difference. 

And in the same way are EG, which, according to the motion assumed for 
the epicycle, embraces the time from the least to the mean movement, is 
greater than arc GF’, which embraces the time from the mean to the greatest 
movement. And it is greater by twice arc AC. For if we produce the straight 
line DGH and draw AKH at right angles to EF, then 

angle KAG=angle ADC, [Eucl. v1, 8] 
and arc KG is similar to arc AC. Therefore arc EKG is greater than a quadrant 
by are AC, and are FG is less than a quadrant by arc AC. Which it was re- 
quired to prove.! 

And next it will be clearly seen that, even in the other particular movements, 
in the case of both hypotheses, for equal times, 
all the same things will occur with respect to the 
regular and apparent movements and the differ- 
ences between them—that is, the anomalistic 
difference. 

For let there be the circle ABC with centre D, 
concentric with the ecliptic; and the eccentric 
EFG with center H, equal to the concentric circle 
ABC; and the diameter HA HD common to both, 
through the centres D and H and the apogee £. 
And with arc AB taken at random length on the 
concentric circle, let the epicycle KF with centre 
B and radius DH be described, and let KBD be 
joined. 

I say that the star will be borne by either 
movement to F, the intersection of the eccentric 

1In the case where the star moves on the epicycle in the same direction that the epicycle 
moves on the concentric circle, the mean passage and greatest anomalistic difference do not 
occur an apparent quadrant’s distance from the apogee—that is, if the angular velocity of the 
star on the epicycle is the same as that of the epicycle’s centre on the concentric circle. But it 


is greater than a quadrant’s distance from the apogee. This is immediately evident if we refer 
to the previous figure and suppose DGH drawn tangent on the opposite side of the epicycle. 
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circle and the epicycle, in the same amount of time. That is, the three ares, EF 
on the eccentric, AB on the concentric, and KF on the epicycle are similar to 
each other; and the difference between the regular and irregular movements, 
and the apparent passage of the star, will be similar and the same under either 
hypothesis. 

For let FH, BF, and DF be joined. Since the opposite sides of the quadri- 
lateral BDHF are equal to each other, FH to BD, and BF to DH, the quadri- 
lateral BDFH is a parallelogram. Therefore the three angles EHF, ADB, and 
FBK are equal. And so, since they are angles at the centres, the arcs sub- 
tended by them—EF on the eccentric, AB on the concentric, and KF on the 
epicycle—are similar to one another. Therefore by either motion, the star will 
be brought to the same point F m an equal period of time, and will appear to 
have passed from the apogee along the same arc of the ecliptic, AL. And ac- 
cordingly the anomalistic difference will be the same according to either hypo- 
thesis, since we have already proved that the difference contained by angle 
DFH on the hypothesis of eccentricity is of the same kind as that contained 
by angle BDF on the hypothesis of the epicycle, and since these angles are here 
also alternate and equal, with FH proved parallel to BD. 

And it is clear that for all distances these same results wiil follow, HDFB be- 
ing always a parallelogram and the eccentric circle being described by the move- 
ment of the star on the epicycle whenever the relations under either hypothesis 
are both similar and equal. 

But it will also become clear in the following way that, even if they are only 
similar but unequal in magnitude, the same appearances will again result. For 
in the same way, let there be the circle ABC with centre D, concentric with the 
cosmos; and its diameter ADC passing through the star’s apogee and perigee; 
and the epicycle about B at the random distance of arc AB from the apogee A. 
And let the star have moved through arc EF similar to AB since the returns of 
the circles take place in the same time. And let the straight lines DBE, BF, and 
DF be joined. 

It is immediately clear that, on this hypothesis, angle ADE and angle FBE 
are always equal, and that the star will 
appear on the straight line DF. 

I say also that, on the hypothesis of 
eccentricity, both if the eccentric circle 
is greater than the concentric circle 
and if it is less, with only the similarity 
of the relations and the isochronism of 
the returns assumed, the star will 
again appear on the same straight 
line DF. 

For let the eccentric circle GH be 
drawn greater, as we said, with its centre 
at K on AC; and likewise LM less, with 
centre N. And producing DMFH and 
DLAG, let HK and MN be joined. Since 

DB BF; : HK: KD::MN: ND, 
and since 

angle BFD=angle DN 
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because of the parallels DA and BF, therefore the three triangles are equian- 
gular [Eucl. vi, 7], and the angles BDF, DHK, and DMN, subtending the corre- 
sponding sides, are equal. Therefore the straight lines BD, HK, and MN are 
parallel, so that also angles ADB, AKH, and ANM are equal. And since they 
are angles at the centres of the circles, therefore the arcs subtended by them, 
AB, GH, and LM, will be similar. Therefore, in the same length of time, not 
only has the epicycle traversed arc AB, and the star arc EF, but also on the 
eccentric circles the star will have traversed ares GH and LM; and in each case, 
therefore, it will be observed on the same straight line DM FH, being at the 
point F’ in the case of the epicycle, at H for the greater eccentric, at M for the 
smaller eccentric, and likewise for all positions. 

And furthermore it results that, when the star appears to have traversed 
equal arcs both from the apogee and the perigee, the anomalistic difference in 
either position will be equal. 

For, on the hypothesis of eccentricity, if we describe the eccentric circle 
ABCD about centre £ with diameter AEC through 
the apogee A, with the eye supposed on it at F, and A 
if, drawing through F the straight line BFD at ran- 
dom, we join LB and ED, then the apparent courses 
will be equal and opposite; that is, angle AFB of the 
course from the apogee and angle CFD of that from 
the perigee. And the anomalistic difference will be 
the same because BE is equal to DE and angle EBF , 


to angle HDF. And so the arc from the apogee A and 
the arc from the perigee C' (that is, the arcs con- 
tained by angles AFB and CFD, respectively) are, 
the one greater and the other less, than the regular 
movement by the same difference of the apparent | 
arc; because AEB is greater than angle AFB and 
angle CED less than angle CFD. 
And, on the hypothesis of the epicycle, if we describe likewise the concentric 
circle around centre D and with diameter ADC, and 
4 the epicycle HFG around centre A, and if, drawing 
(VY at random the straight line DGBF, we join AF and 
/ AG, then the arc of the anomalistic difference AB 
CM «vill. bexthesgame for, both positigns, Thatae ithe 
star is at F or if the star is at G, it will appear on the 
ecliptic at the same distance from the apogee point 
when it is at F as from the perigee point when it is 
at G, since the apparent arc from the apogee is con- 
tained by angle DFA. For angle DFA has been 
shown to be the difference between the regular 
movement and the anomalistic difference. And the 
apparent arc from the perigee is contained by angle 
FGA. For it is also equal to the angle of the regular 
movement from the perigee plus the anomailistic 
difference. And so it is thereupon inferred again that 
the mean movement is greater than the apparent movement about the apogee 
(that is, angle HAF than angle AFD) and the mean movement is less than the 
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apparent about the perigee (that is, angle GAD than angle AGF), both by the 
same difference, by angle ADG. Which was to be proved. 


4. On THE APPARENT IRREGULARITY OR ANOMALY OF THE SUN 


With these things explained, it is now necessary to take up the apparent ir- 
regularity or anomaly of the sun; because there is one only, and it is such that 
the time from the least movement to the mean is greater than the time from the 
mean to the greatest movement. For we find this agrees with the appearances. 
And this can be accomplished by either hypothesis:—(1) by that of the epicycle 
when the movement of the sun is in the direction of the movement of the heav- 
ens on its are at the apogee. But (2) it would be more reasonable to stick to the 
hypothesis of eccentricity which is simpler and completely effected by one and 
not two movements. 

Now, the first question is that of finding the ratio of eccentricity of the sun’s 
circle—that is, what ratio the line between the eccentric circle’s centre and the 
ecliptic’s centre at the eye has to the radius of the eccentric circle; and next at 
what section of the ecliptic the apogee of the eccentric circle is to be found. And 
these things have been shown in a serious way by Hipparchus. For having sup- 
posed the time from the spring equinox to the summer tropic to be 9414 days, 
and the time from the summer tropic to the autumn equinox to be 9214 days, 
he proves from these appearances alone that the straight line between the 
aforesaid centres is very nearly 14,4 the radius of the eccentric circle; and that 
its apogee precedes the summer tropic by very nearly 2414° of the ecliptic’s 
360°. 

And we too find that the time-periods of these quarters and these ratios are 
very nearly the same even now, so that in this way it is clear to us that the sun’s 
eccentric circle always preserves the same position with respect to the tropic and 
equinoctial points. And not to establish this position on hearsay only, but to 
expound the theory systematically with our own numbers, we shall prove these 
things ourselves, using these same appearances as regards the eccentric circle— 
that is, as we said, 941% days from the spring equinox to the summer tropic and 
921% days from the summer tropic to the autumn equinox. For with the very 
accurate observations made by us in the year 463 after the death of Alexander 
we find a complete agreement in the number of days between the summer tropic 
and the equinoxes. For as we said [pp. 81-82], the autumn equinox fell on 
Athyr 9 after sunrise, the spring equinox on Pachom 7 after midday, which 
makes an interval of 17814 days, and the summer tropic on Mesore 11-12 after 
midnight, which makes the interval from the spring equinox to the summer 
tropic 941% days, and leaves very nearly 9214 days for the interval from the 
summer tropic to the following autumn equinox. 

Then let there be the ecliptic circle ABCD with centre FE, and let the two di- 
ameters AC and BD be drawn in it perpendicular to each other through the 
tropic and equinoctial points. And let A be supposed the spring point, B the 
summer, and the rest accordingly. 

Now, that the centre of the eccentric circle will fall between the straight 
lines HA and EB, is clear on the one hand from the fact that the semicircle 
ABC embraces more time than half a year and therefore cuts off a section of the 
eccentric greater than a semicircle, and on the other hand from the fact that 
the quadrant AB itself also embraces more time and cuts off a greater arc of 
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the eccentric than quadrant BC. 

This being so, let the point F' be sup- 
posed the centre of the eccentric circle, 
and let the diameter EFG be drawn 
through both centres and the apogee. 
And with centre F and any radius, let the 
eccentric circle of the sun HKLM be 
drawn, and through F the line NQO par- 
allel to AC and the line PRS parallel to 
BD. And again let HTU, the perpendi- 
cular from H to NQO, and KWX, the 
perpendicular from K to PRS, be drawn. 

Since, then, the sun, moving regularly 
on the circle HKLM, traverses arc HK 
in 9414 days and are KL in 924% days, 
and since it covers regularly in 944% 
days very nearly 93°9’, and in 921% days 91°11’ [Chap. 11, Table of Sun’s Regular 
Movement], therefore 


arc HK L=184°20’, 
and 
are NH+are LO =4°20’ 
by subtraction of the semicircle NPO. And 
arc HNU =2 arc HN =4°20’. 
And so 
chord HU = 4°32’ 
where 
ecc. diam. = 120? 
And, the half of chord HU, 
Hd) To APNG 
Again, since 
are HNPK =93°9’ 
and 
are HN =2°10’ 
and 
quadrant NP =90°, 
therefore, by subtraction, 
are PK =0°59’ 


and 
arc KPX =2. arc PK =1°58’. 
And so . 
chord KWX = 2?4’ 
and, the half of it, 
KW =FfQ=1°2’. 
But, it was proved 
EQ =2°16’. 


And since 
sq. FQ+sq. EQ=sq. EF, 
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therefore, in length, 
EF = 2°29'30” 
where 
rad. ecc. = 60°. 
Therefore the radius of the eccentric circle is very nearly twenty-four times 
the line between its centre and that of the ecliptic. 
Again since 
FQ 2! 
where it was proved 
EF = 2°29'30”, 
therefore 
FQ = 49°46’ 
where 
hypt. EF =120?, 
and, on the circle about right triangle EFQ, 
arc FQ=49°. 
And therefore 
angle FEQ =49° to 2 rt. 
= 24°30’. 

And so, since the angle is at the centre of the ecliptic, are BG by which the 
apogee G precedes the summer tropic point B, is also 24°30’. 
Finally, since the quadrants OS and SN are each 90°, and 

arc OL =are HN = 2°10’, 


and 

arc MS =0°59’, 
therefore 

arc LM =86°51’ 
and 


arc MH =88°49’. 

But the sun moves regularly through 86°51’ in 881% days, and through 88° 
49’ in very nearly 901% days [Chap. 2, Table of Sun’s Regular Movement]. 
And so the sun will appear to traverse arc CD, which is the are from the 
autumn equinox to the winter tropic in 8814 days; and are DA, which is the 
are from the winter tropic to the spring equinox, in very nearly 90\% days. 
And these things have been found by us in accord with what Hipparchus 
says, 

Now with these quantities, let us find out first 
how much is the greatest difference between the 
regular and irregular movements, and at what point 
this occurs. 

Then let there be the eccentric circle ABC with 
centre D and diameter ADC through the apogee A; 
and on it let there be the centre of the ecliptic E. 
And let EB be drawn perpendicular to AC, and DB 
be joined. Since 

1. betw. c. DE = 2°30 


where 
rad. BD =60°? 
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according to the ratio of 1 to 24, therefore 
De'= 5" 
where 
hypt. BD =120?, 
and, on the circle about right triangle BDE, 
arc DE =4°46’. 
And so angle DBE which contains the greatest anomalistic difference will be 
4°46’ to 2 right angles’ and 2°23’ to 4 right angles’ 360°. And 
rt. angle BED =90° 
and 
angle BDA =angle BED-+angle DBE = 92°23’. 

And since angle BDA is at the centre of the eccentric circle and angle BED of 
the ecliptic, we shall have the greatest anomalistic difference as 2°23’. And 
as for the arcs at which this occurs, that of the eccentric which is regular is 
92°23’ from the apogee, and that of the ecliptic which is apparent and irregular 
is a quadrant or 90°, as we have already proved. And it is clear from what has 
been set out that in the opposite section the apparent mean passage and the 
greatest anomalistic difference will be at 270°, and the regular mean passage 
at 267°37’ on the eccentric. 

In order to show with numbers also that the same quantities can be in- 
ferred on the hypothesis of the epicycle when there 
are the same ratios in the way we described, let ; 
there be the circle ABC with centre D and diameter oe a, 
ADC, concentric with the ecliptic, and the epicycle =e 
EFG with centre A. And let the straight line DFB S 
be drawn from D tangent to the epicycle, and let 
AF be joined. Then likewise 

AD=24 AF, 
so that again also 
AF=65P 
where 
hypt. AD=120?, 
and, on the circle about right triangle ADF, 
arc AF =4°46’ to 2 rt. Cc 
=2 23: 

Therefore, the greatest anomalistic difference (that 
is, arc AB) is thereupon found rightly to be 2°23’; and the irregular arc, since it 
is contained by the right angle AFD, to be 90° and the regular arc, contained by 
angle HAF, again to be 92°23’. 


5. On THE EXAMINATION OF PARTICULAR SECTIONS OF THE ANOMALY 


And to be able to distinguish at any time particular irregular movements, 
we shall again show for either hypothesis how, given one of these arcs, we can 
get the others also. 

Then first let there be the circle ABC with centre D, concentric with the 
ecliptic; and the eccentric circle with centre H; and the diameter EHAHDG 
through both centres and the apogee #. And with arc EF cut off, let FD and FH 
be joined. And first let arc EF be given, for instance, as 30°; and on FH pro- 
duced let fall the perpendicular DK from D. 
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Since then it is assumed 

are EF =30°, 
therefore 

angle HHF =angle DH K =30° 
= 60° to 2 rt. 

And therefore, on the circle about right triangle 
DHK, 

anc. ud) he 6004 
and, the rest of the semicircle, 

ane: £7 Ki Sh207) [Euel. 1, 31] 
And therefore 


Dk =60° 
and 
KA=4103830' 
where 
hypt. DH = 120°. 
And so 
Dik = Pi 
HK =2°10', 
— KHF =62°10’ 
where 
DH = 2°30’; 
rad. FH =60°. 
And since 


sq. Dk+sq. FHK =sq. FD, 
hypta FD = 62°11’. 
And therefore 
Die — 2°2a* 
where 
FD=120, 
and, on the circle about right triangle FDK, 
arc DK =2°18". 
And so 
angle DF-K =2°18’ to 2 rt. 
= 1°9’, 
Therefore the anomalistic difference at that time is 
1°9’. But angle HHF was 30°, and therefore the re- 
maining angle ADB (that is, arc 4B on the ecliptic) 
is 25°51’. 

And with the same construction, if HL is dropped 
from H perpendicular to FD, it will be immediately 
clear that also, if any other angle is given, the rest 
are given. For if we suppose the are AB on the eclip- 
tic given (that is, angle HDL), then the ratio of DH 
to HL is given. And if the ratio DH to HF is given, 
the ratio of HF to HL is also given; and therefore 
we shall have angle HFL given (that is, the anom- 
alistic difference) and angle EHF (that is, arc EF of 
the eccentric circle). 
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And if we suppose the anomalistic difference (that is, angle HF'D) given, then, 
conversely, the same things will occur. For the ratio of HF to HL is given, and 
given from the first is the ratio of HF to HD. And so the ratio of DH to HL is 
also given; and therefore also angle HDL (that is, are AB of the ecliptic) and 
angle HHF (that is, arc EF on the eccentric circle) are given. 

Again let there be the circle ABC with centre D and diameter ADC, con- 
centric with the ecliptic, and the epicycle EFGH 
with centre A, in the same ratio. And let arc EF be 
cut off, and FBD and FA joined. Again let arc EF (TK 
be supposed 30°, and let the line KF be drawn from 
F perpendicular to AE. Ah 
Since 

arc EF =380°, 
angle HAF =380° 
= 60° to 2 rt. 
And so, on the circle about right triangle AFK, 
arc FK =60°, 
and, the remainder of the semicircle, 
are AK = 120°. 
And therefore =C 
chord FK =60?, 
chord AK =103?55’ 


where 
diam. AF = 120°. 
And so 
PR Pes 
AK = 2°10’, 
KAD=CzPIO 
where 
hypt. AF = 2°30’, 
rad. AD=60?. 
And since 


sq. FK-+sq. KAD=sq. FBD, 
therefore, in length, 


FD=62? 11’ 
where 

FIRS A 
And therefore 

FK =2°25' 


where 

hypt. DF = 120°, 
and, on the circle about the right triangle DK, 

are FK =2°18’. 
And so also 

angle FDK =2°18’ to 2 rt. 
= 10h 

And therefore, again, the anomalistic difference, which is are AB, is also 1°9’. 
But angle HAF was 30°. Therefore the remaining angle AFD (that is, the ap- 
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parent arc of the ecliptic) is 28°51’, which agrees with the magnitudes proved on 
the hypothesis of eccentricity. 

Likewise in this case too, even if any other angle is given, the others will also 
be given if, with the same construction, AL is drawn 
from A perpendicular to FD. For if, conversely, we 
give the apparent arc of the ecliptic (that is, angle 
AFD) then the ratio of AF to AL is also given. And 
since the ratio of AF to AD was given from the be- 
ginning, the ratio of AD to AL is also given. And 
therefore angle ADB (that is, are AB which is the 
anomalistic difference) is given; and also angle HAF 
(that is, arc EF) of the epicycle. 

And if we suppose the anomalistic difference given 
(that is, angle ADB) then, conversely, the ratio of 
AD to AL will likewise be given. But since the ratio 
of AD to AF was given from the beginning, the ratio 
of AF to AL is also given, and therefore angle AFD 
is given (that is, the apparent arc of the ecliptic) 
and angle EAF (that 1s, arc EF of the epicycle). 

Again, with the previous construction of the eccentric circle, let the are FG 
be cut off from the perigee G on the eccentric circle 
and be assumed to be 30°. And let DFB and FH be 
joined, and let DK be dropped from D perpendicu- 


lar to HF. 
Since 
arc FG =30°, 
angle FHG =30° 
= 60° to 2'rt. 
And so, on the circle about right triangle DHK, 
arc DK =60° 


and, the remainder of the semicircle, 
arc KH =120°. 
And therefore 


YE 


chord DK =60°, 
chord KH =103°55/ 


where 
diam. DH = 120°. 
And therefore 
De Tela 
HK =2°10’, 
BO ef foals 0 pe 
where 
hypt. DH = 2°30’, 
rad. HF =60?. 
And since 


sq. DK+sq. KF =sq. DF, 
therefore, in length, 
DF = 575i! 
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where 
DR = 1s’. 
And therefore 
DK = 2°34'36” 
where 
hypt. DF =120?, 
and, on the circle about right triangle DF'K, 
gece 2-27": 
And so 
angle DF K =2°27’ to 2 rt. 
= 1°14’, 
Therefore the anomalistic difference is 1°14’. And since angle FHG is assumed 
to be 30°, the whole angle BDC (that is, are BC of the ecliptic) will be 31°14’. 
And in the same way now, with BD produced and HL drawn perpendicular 
to it, if we give arc BC of the ecliptic (that is, angle 
HDL), then the ratio of DH to HL is also given; and 
since the ratio of HD to HF was given from the be- 
ginning, the ratio of FH to HL is also given. And 
therefore we have angle HFD given, that is, the 
anomalistic difference; and angle PHD (that is, arc 
GF) on the eccentric circle. 
And if we give the anomalistic difference (that is, {| 
angle HF'D) then conversely the ratio of FH to HL 
is also given; and since the ratio of FH to DH has 
been given from the beginning, the ratio of DH to 
HL is also given. And therefore we have angle HDL 
given (that is, are BC of the ecliptic) and angle FHG 
(that is, arc FG of the eccentric circle). Cc 
In the same way, with the previous construction 
of the concentric circle and epicycle, let are HG be 
cut off from the perigee H at 30°. And let AG and DGB be joined, and GK drawn 
from G perpendicular to AD. 
Then since again 
are GH =30°, 
angle HAG =30° 
=60° to 2 rt. 
And so, on the cirele about right triangle GKA, 
arc GK =60° | 
and, the remainder of the semicircle, 
are AK = 1207 
And therefore . 
chord Gk =60?, 
chord AK = 103°55’ 


B 


where 1 
hypt. AG= 1200. q 
And therefore 
GH= 1°15’, 
Ah=210, 


KD=57°50' 
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where 
AG = 2°30’, 
rad. AD =60?. 
And since 
sq. GK-+sq. KD=sq. DG, 
therefore, in length, 
DG = 57°51’ 
where 
GK = 1°15’. 
And therefore 
GK = 2°34'36” 
where 
DG =120?; 
and, on the circle about right triangle DGK, 
are’GiG= 2°24. 
And so also 
angle GDK = 2°27’ to 2 rt. 
ce He a 
Therefore the anomalistic difference (that is, arc AB) is here also very nearly 
1°14’. And since angle K AG is assumed to be 30°, the whole angle BGA which 
contains the apparent arc of the ecliptic will be 31°14’, agreeing with the mag- 
nitudes found for the eccentric circle. 

And likewise here also, with AL drawn perpendicular to DB, if we give the 
arc of the ecliptic (that is, angle AGL), then the 
ratio of AG to AL is given; and since the ratio of 
AG to AD has been given from the beginning, the 
ratio of AD to AL is also given. And therefore we 
have angle ADB given (that is, are AB which is the 
anomalistic difference) and angle HAG (that is, arc 
HG of the epicycle). 

And, again, if we give arc AB of the anomailistic 
difference (that is, angle ADB) then, conversely, the 
ratio of AD to AL is likewise given; and since the 
ratio of AD to AG has been given from the begin- 
ning, the ratio of AG to AL is also given. And there- 
fore we shall have angle AGL given (that is, the arc 
of the ecliptic) and angle HAG (that is, arc HG of 
the epicycle). And we have shown what was pro- 
posed. 

Now, although, by means of these theorems, various tables of the sections 
containing the anomalistic distinctions of the apparent courses can be con- 
structed, yet that one containing the anomalistic differences arranged side by 
side with the regular arcs will better serve us for getting easily the magnitudes 
of the particular corrections, both because of its conformity with the hypotheses 
themselves and because of the simplicity and facility in the calculation for each 
section. Therefore we followed the first of the theorems set out with numbers for 
the particular sections, and calculated geometrically just as before the anomal- 
istic differences corresponding to each of the regular arcs. And in general, both 
in the case of the sun and of the other planets, we divide the quadrants at the 
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apogees into 15 sections, so that the comparison is at intervals of 6°; and the 
quadrants at the perigees into 30 sections so that the comparison in this case is 
at intervals of 3°. This is done because the differences in excess at the perigees 
are greater than those corresponding to equal sections at the apogee. 

And so we shall arrange the table of the sun’s anomaly into forty-five rows 
and three columns. And of these columns the first two contain the numbers of . 
the 360° of regular movement, while the first fifteen rows embrace the two quad- : 
rants at the apogee, and the other thirty those at the perigee. And the third col- - 
umn contains the degrees of anomalistic difference to be added or subtracted, 
corresponding to each of the regular numbers. And here is the table: 


6. TABLE OF THE Sun’s ANOMALY 


ip 2. S: | . Bi Lier: 3 
Common numbers Common numbers ’ 
(Degrees of Regular Additive—sub- (Degrees of Regular Additive—sub- 
Movement) tractive differences Movement) tractive differences 
6° 354° 0° 14’ 120° 240° Zz 6’ 
2° 348° 0° 28’ 123° 237° Zz 2 
18° 342° 1g 0° 42’ 126° 234° le 58’ 
24° 336° 0° 56’ 129° Zoi r 54’ 
3U” 330° slid 9’ Too” 228° 1° 49’ 
36° 324° = an? Lol Zao" - 44’ 
42° 318° i 32! 138° 222° il” 39’ 
48° 312° 19 43’ 141° 219° LS 30. 
54° 306° Ki 53! 144° 216° 15 ae 
60° 300° dan U 147° 213° 1° el’ 
66° |. 294° a 8! 150° 210° 19 14! 
wal 288° 2 14’ ite 207° ib id 
78° 282° a 18’ Too. 204° 4 0’ 
84° 276° = oat 159° 201° 0° 53" 
90° 270° 2 23! 162° 198° 0° 46/ 
Ne 267° os 23’ 165° 195° 0° 39’ 
. 96° 264° 2° 23’ 168° 192° 0° Pde 
99° 2617 2 - 22! 171° 189° 0° 24’ 
102° 208° 2° i 174° 186° 0° 16’ 
105° 205. 2 20’ i'vES Nee tip 0° 8! 
108° DS di i 18’ 180° 180° 0° 0’ 
ig 249° a 16’ 
114° 246° 2° 13’ 


Lz? 243° 2° 10’ 
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7. ON THE ErocuH OF THE SuN’s MEAN COURSE 


Since there remains to be established the epoch of the sun’s regular movement 
for finding out its particular course at any time, we shall make the following ex- 
position, using again in general, both in the case of the sun and of the other 
planets, the passages most accurately observed by ourselves, and taking the 
establishing of the epochs back to the beginning of the reign of Nabonassar by 
means of the mean movements already demonstrated. For we have ancient ob- 
servations completely preserved from that period to the present. 

Then let there be the circle with centre D concentric with the ecliptic; and the 

eccentric circle of the sun HFG with centre H; and 
E the diameter EAGC through both centres and the 
apogee #. And let B be supposed the fall equinox 
point on the ecliptic; and let BFD and FH be 


joined; and let HK be dropped from H perpendicu- 
lar to FD. 
Since the point B, the autumn equinox, is at the 
D beginning of the sign of the Balance, and the perigee 
C 51° within the sign of the Archer, therefore 
arc BC =65°30’. 
And therefore 
ae 


angle BDC =angle HDK =65°30’ 


= 131° to 2 rt. 
"4 And so, on the circle about right triangle DHK, 
are HK =1381°, 
and 
chord HK = 109?12’ 
where 
diam. DH = 120°. 
Therefore 
HK = 4°33’ 
where 
i395 


hypt. FH =120. 
And, on the circle about right triangle FHK, 
arc HK =4°20’. 
And so 
angle HFK =4°20’ to 2 rt. 
=D 164 
But it was proved : 
angle BDC = 65°30’, 
and therefore the remaining angle FHG (that is, are FG on the eccentric circle) 
is 63°20’. Therefore, when the sun is at the autumn equinox, it precedes the 
perigee (that is, the point 514° within the Archer) by 63°20’ mean movement; 
and it is 116°40’ in mean movement from the apogee (that is, 514° within the 
Twins) in the direction contrary to the movement of the heavens. 
Now that this is understood—since, of the first equinoxes observed by us, one 
of the most accurate occured as the autumn equinox in the year 17 of Hadrian, 
Egyptianwise Athyr 7, very nearly 2 hours after midday—it is clear that at that 
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time the sun was 116°40’ in mean movement on the eccentric circle, away from 
the apogee in the direction contrary to the movement of the heavens. But from 
the reign of Nabonassar to the death of Alexander amounts to 424 Egyptian 
years; and from the death of Alexander to the reign of Augustus, 294 years; and 
from the year 1 of Augustus, Egyptianwise Thoth 1, midday (for we establish 
the epochs from midday) to the year 17 of Hadrian, Athyr 7, 2 hours after mid- 
day, amounts to 161 years, 66 days, and 2 equatorial hours. And therefore from 
the year 1 of Nabonassar, Egyptianwise Thoth 1, midday, to the time of the 
autumn equinox just mentioned amounts to 879 Egyptian years, 66 days, and 
2 equatorial hours. 

But in that amount of time the sun makes a mean movement of very nearly 
211°25’ over and above the complete circles. If then we add to the 116°40’, 
representing the distance of this autumn equinox from the eccentric circle’s apo- 
gee, the 360° of a whole circle and subtract from the sum the 311°25’ left over 
from the time between, then we shall have the sun at its epoch of mean move- 
ment in the year 1 of Nabonassar, Egyptianwise Thoth 1 at midday, 265°15’ of 
mean movement distant from the apogee in the direction contrary to the move- 
ment of the heavens, and 0°45’ within the Fishes. 


8. On CALCULATING THE SUN 


Whenever we wish to know the course of the sun for any desired time, taking 
the total time from the epoch to the proposed date with reference to the hour 
in Alexandria and taking it to the tables of mean movement, we add the degrees 
corresponding to the particular numbers to the 265°15’ of the distance found 
above; and striking the complete circles out of the result, we subtract the rest 
from the 5°30’ within the Twins backwards in the order of the signs [from west 
to east]. And wherever the number falls, there we find the mean course of the 
sun. Next we take the same number (that is, the number of degrees from the 
apogee to the mean course) to the Table of Anomaly. And, if the number falls 
in the first column (that is, if it is not greater than 180°), then we subtract the 
corresponding degrees in the third column from the position of the mean course; 
but, if it falls in the second column (that is, if it is greater than 180°), then we 
add it to the mean course. And thus we find the true and apparent sun. 


9. ON THE INEQUALITY OF SOLAR Days 


Now this is pretty nearly all of the theory of the sun considered by itself. But 
it would be well to add briefly to this something concerning the inequality of 
the solar days, a matter which ought to be cleared up before what follows. For 
each of the simple mean movements we have given receives a uniform increase, 
as if the solar days were equal in time; but this is contrary to true theory. Now, 
given that the revolution of the universe is effected regularly about the poles of 
the equator, if the cyclical return is taken either with respect to the horizon or 
the meridian (whichever point is the more easily distinguishable), it is clear that 
one complete turn of the cosmos is the return of the same equatorial point from 
some section either of the horizon or the meridian back to that same section, 
and the solar day considered simply is the return of the sun from some section 
either of the horizon or of the meridian back again to the same section. The 
regular [or mean] solar day is, therefore, that embracing a course of 360° equa- 
torial time proper to one revolution of the equator plus very nearly 59’ equa- 
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torial time for the sun’s contrary mean movement along the ecliptic. And the 
irregular solar day is that embracing a course of 360° equatorial time proper to 
one revolution of the equator plus the extra arc, either at the horizon or at the 
meridian, corresponding to the sun’s contrary irregular movement. 

And so this section of the equator which is traversed over and above the 360° 
equatorial time must be an unequal one because of the sun’s apparent irregu- 
larity, and because equal sections of the ecliptic do not traverse the horizon or 
the meridian in equal periods of time. Each of these extra sections makes the 
difference between the regular and irregular return, in the case of one solar day, 
a difference indistinguishable by the senses; but a total of many solar days 
makes a very sensible difference. 

Now, the sun’s greatest anomalistic difference occurs at intervals of one mean 
movement of the sun to the other. For in this way the total of solar days will 
differ from the total of regular [or mean] solar days by very nearly 434° equa- 
torial time; and the total in one interval will differ from the total in the other 
by twice as much, that is by 914° equatorial time. And this is so because the 
apparent course of the sun is less, in the semicircle of the apogee, than the regu- 
lar course by 434°, but greater, in the semicircle of the perigee, by the same 
amount.! 

And the greatest difference of irregularity in the corresponding risings or set- 
tings occurs in the semicircles bounded by the tropic points. For then the ascen- 
sions in each of these semicircles will differ from the 180° equatorial time of 
those considered regularly by the difference between the shortest or longest day 
and the equinoctial day; and they will differ from each other by the difference 
between the longest day or night and the shortest day or night. But the greatest 
difference of inequality in the case of simultaneous culminations occurs in the 
intervals containing two signs, one sign on each side of the tropic or equinoctial 
point. For those at the tropics taken together will differ from the regular by very 
nearly 414° equatorial time, but from those at the equinoctial points taken to- 
gether by 9° equatorial time. For the latter are less than the mean movement, 
and the former are greater by nearly an equal amount.? And thence we estab- 
lish the beginnings of the solar days at the positions of the sun as it passes the 
meridian, and not from the sun’s risings or settings; because the difference con- 
sidered with respect to horizons can amount to many hours and is not the same 
everywhere, but changes with the excess of the longest over the shortest day in 
each latitude of the sphere. But the difference at the meridian is the same every- 
where and does not exceed the total time of the sun’s anomalistic difference. 

And the difference in the intervals to be added or subtracted is constructed 
out of the combination of both of the aforesaid differences: that of the sun’s 


1For the greatest anomalistic differences, it has already been proved, occur at the apparent 
distance of a quadrant from the apogee, which are also the points of mean movement. Now, 
it has been shown that the difference between the angles of the regular and irregular move- 
ments from the mean to the apogee is 2°23’ and from the apogee to the other mean again 
2°23’, the regular exceeding in both cases. The same thing occurs from the mean through the 
perigee to the other mean, the irregular exceeding in both cases. 


This difference is demonstrated in the Table of Ascensions for the Right Sphere, Book II. 
The difference in the co-ascensions of the ecliptic and equator is additive for the ecliptic in 
the Twins and the Crab, and the Archer and the Goat. It is subtractive for the ecliptic in the 
Fishes and the Rama, and the Virgin and the Balance. The other signs are all mixed. The 
equator here, of course, represents the regular movement of the sun for the mean solar days; 
and the ecliptic represents the irregular movement of the sun for the irregular true solar days. 
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anomaly and that of the culminations. And the interval from the middle of the 
Water Bearer to the Balance is subtractive for either difference; and the interval 
from the Scorpion to the middle of the Water Bearer is additive. For each of 
these sections either adds or subtracts with respect to the solar anomaly at most 
very nearly 324° equatorial time, and with respect to the culminations very 
nearly 424° equatorial time. And so, at most, the difference in the solar day, 
gotten from the combination of the two, amounts, for either interval, to 814° 
equatorial time over and above the regular difference—that is, 44+ [equa- 
torial] hour. And with respect to each other it amounts to 1624° equatorial time 
—that is, 146 [equatorial] hours. Now, if this difference is neglected in the case 
of the sun, it perhaps would not hurt the study of its appearances to any appre- 
ciable extent; but in the case of the moon, because of the rapidity of its move- 
ment, it would produce a considerable difference even for 314°. 

In order to reduce the solar days given over any interval of time (and by solar 
days I mean from midday or midnight to midday or midnight) to regular solar 
days, we find out for the beginning and end of the given interval at what part of 
the ecliptic the sun is to be found both in its regular and irregular movements. 
Then, taking the surplus over and above complete revolutions accumulated in 
the irregular interval (that is, from apparent position to apparent position) to 
the Table of Ascensions in the Right Sphere, we find out with how many de- 
grees equatorial time the degrees of the irregular interval, as we said, culminate. 
Then we take the difference between the amount of time thus found and the 
degrees of the regular interval and calculate the part of the corresponding equa- 
torial hour. And if the amount of time found in the Table of Ascensions in the 
Right Sphere is greater than that of the regular interval, we add this difference 
to the given number of solar days; if less, we subtract. And finally, in this way, 
we have the time expressed in mean solar days. We shall use this correction 
especially in the successive additions of the mean movements in the moon’s ta- 
bles. And it is immediately seen that, given the regular [or mean] solar days, the 
simply considered seasonal solar days are gotten by an addition or subtraction 
in the converse order.! 


1If the sun moved regularly along the equator instead of moving irregularly along the 
ecliptic, the solar days would all be regular. Their irregularity, then, is due to two things: (1) 
the irregularity of the sun’s movement, and (2) the fact that the sun moves on a circle oblique 
to the equator. 

Now, as far as the solar days are concerned, it is not the arc of the ecliptic that is directly 
involved, but the corresponding or co-ascending arc of the equator. For the culminations 
which define solar days tuke place at the meridian, and the meridian is through the pole of the 
equator. Therefore we first find the arc on the equator co-ascending with the apparent arc 
traversed by the sun along the ecliptic. 

Now if the arc of the sun’s regular movement is less than the equatorial arc co-ascending 
with the apparent arc, then the number of actual solar days is less than the number of regular 
ones. But if the are of the sun’s regular movement is greater, then the number of actual solar 
days is greater than the number of regular ones. For when the sun moves faster than the 
regular, then the actual solar day is longer than the mean solar day and there are fewer of 
them in a given time; but, when it moves slower, then the actual solar day is shorter. 

And in each case the difference between the number of actual solar days and the number 
of corresponding regular solar days is expressed by the difference between the equatorial arc cor- 
responding to the apparent arc on the ecliptic and the arc of regular movement. For (1) if the 
regular arc is less than the equator’s arc, then the apparent arc is reaching the meridian that 
many time-degrees later; and so just so many time-degrees have been lost to the number of 
regular solar days. For the same number of regular solar days as actual solar days would only 
take the sun the length of the are of regular movement, if we consider it as moving on the 
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Now, according to the epoch we have chosen (that is, the year 1 of Nabonas- 
sar, Egyptianwise Thoth 1 at midday), the sun’s mean position, as we have just 
shown [p. 104], was 0°45’ within the Fishes. But, considered with its anomaly, 
its position was very nearly 3°8’ within the Fishes. 


equator. It would perhaps be clearer if we imagined that the regular arc were less by a revolu- 
tion than the equator’s arc representing the apparent arc on the ecliptic. Then the number of 
actual solar days would be one day less than the number of regular solar days. For the sun 
would have moved back one whole circle, and thus would have come to the meridian one time 
less over the period assigned than if it had moved back according to the regular movement. 
And by the same argument (2) if the regular arc is greater, just so many time-degrees have 
been added to the number of regular solar days. Therefore, in the first case, we add the differ- 
ence to the number of actual solar days to get the number of regular solar days; and, in the 
second case, we subtract. 


BOOK FOUR 


1. From Wuat Kinp oF OBSERVATIONS AN INQUIRY INTO 
THE Moon Must BE CoNnDUCTED 


Having now organized in the preceding book all the incidents one could ob- 
serve with respect to the sun’s movement, we begin next in order with the trea- 
tise on the moon. First we think it is not proper to proceed simply and hap- 
hazardly in the use of observations for this purpose; but for the general under- 
standing of the moon it is best to attend especially to those demonstrations 
which not only cover a longer period of time but also are gotten from the obser- 
vations of lunar eclipses. For it is only by means of these that the positions of 
the moon can be found in an accurate way, since the other kinds of observations 
which depend either on its courses with respect to the fixed stars, or on instru- 
ments, or on the solar eclipses, can, because of the moon’s parallaxes, be very 
deceptive. But with respect to the particular incidents the inquiry can be carried 
on from the other observations also. 

For since the distance from the earth’s centre to the lunar sphere is not as 
that to the ecliptic circle which is so great that the magnitude of the earth is 
in the ratio of a point to it, therefore the straight line drawn from the moon’s 
centre to sections of the ecliptic, according to which the true courses of all the 
stars are conceived, necessarily does not everywhere sensibly coincide with the 
straight line according to which its apparent course is observed—that is, the 
straight line drawn from some part of the earth’s surface or rather from the ob- 
server’s eye to the moon’s centre. But when the moon is directly above the ob- 
server, then only are the straight lines drawn from the earth’s centre and the ob- 
server’s eye to the moon’s centre and the ecliptic one and the same straight line. 
And when it is in any way whatsoever removed from the zenith, a difference of 
inclination in these straight lines follows; and therefore the apparent course dif- 
fers from the true one for different positions of the eye as it moves downward. 
For the positions of the moon seen from the earth’s centre are determined pro- 
portionately to the magnitudes of the angles resulting from the inclination. 

Therefore, when solar eclipses take place through the intervention and inter- 
position of the moon, and when their occurrence shapes its passing shadow into 
a cone from our eye to the sun, the result is that these things are not fulfilled 
everywhere in the same way either in magnitudes or times, nor to all alike for 
the causes we have assigned; nor does the moon appear to shadow the same 
parts of the sun. But in the case of lunar eclipses no such difference follows from 
the parallaxes, since the eclipse of the moon does not involve the eye of the ob- 
server as an incidental cause. For the moon always receives its light from the 
sun; and, when the moon is opposite it, the whole of it appears to us lighted up, 
because the whole of the bright hemisphere is also at that time turned towards 
us. But when it is opposite the sun in such a way that it falls into the cone of the 
earth’s shadow which is always revolving opposite the sun, then the moon be- 
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comes darkened proportionately to the extent it enters the cone, since the earth 
screens the rays of the sun. Therefore it appears to be eclipsed similarly for all 
parts of the earth both as to magnitudes and as to the times of the intervals. 

Therefore, insofar as we are concerned with a general examination of the true 
positions of the moon but not of apparent ones! (the true ones to be ascertained 
because the ordered and similar thing should be necessarily preferred to dis- 
ordered and dissimilar things), we say we must not use the other observations 
where the positions depend on the eye of the observers, but only the observa- 
tions of the moon’s eclipses, since there the eye is in no way involved in getting 
the positions. For whatever section of the ecliptic the sun is found to occupy at 
the midtime of the eclipse when the moon’s centre is directly opposite in true 
longitude to the sun’s centre, the section opposite that section the moon’s centre 
will also truly occupy at the same midtime of the eclipse. 


2. On THE Moon’s PERiopDs or TIME 


Let this be our brief exposition as to what observations are to be used for gen- 
eral considerations of the moon. We shall try and give an account of how the 
ancients proceeded in their demonstrations, and how we can make a more useful 
differentiation of the hypotheses which conform to the appearances. 

Now, since the moon appears to move irregularly both in longitude and lati- 
tude,? and not to cross the ecliptic nor to have a cyclical return in its latitudinal 
course at equal intervals of time; and since, without the discovery of the interval 
in which this irregularity is redeemed, necessarily the periods of the others could 
not be gotten; and since, from particular observations, the moon appears to 
have its mean, greatest, and least movements in all parts of the zodiac, and to 
be at its northernmost point, southernmost point, and on the ecliptic itself at 
all parts of the zodiac, very reasonably therefore the ancient mathematicians 
sought a certain time in which the moon would always move the same distance 
in longitude, for this alone could redeem the irregularity. Comparing, then, for 
the causes we have assigned, the observations of the lunar eclipses, they tried 
to find what multitude of lunar months would always be isochronous with other 
equal multitudes and would embrace an equal number of circles in longitude, 
either whole or in parts. Now the even more ancient ones in a more or less rough 

1In the case of the sun, there were the mean positions and the true (4«p:8ys) positions. 
And the true positions were taken as coinciding with the apparent ones. For the true positions 
are the projections of the sun on the ecliptic by a straight line through the earth’s centre and 
the sun’s centre; the apparent ones are the projections on the ecliptic by a straight line through 


the observer’s eye and the sun’s centre. In the case of the moon, they are all three distinct by 
reason of the parallaxes. 


2The moon’s latitudinal movement is its movement along a great circle inclined to the 
ecliptic. It is not, as might be thought, its movement along an arc at right angles to the 
ecliptic. This inclined circle is the moon’s oblique circle which is not to be confused with the 
ecliptic itself, the sun’s oblique circle. The moon’s longitudinal movement is its movement 
considered with reference to the ecliptic, Just as the sun’s is its movement with respect to the 
equator. The sun’s movement with respect to the equator is distinguished from its movement 
along the ecliptic because of the great obliquity of the one to the other. In the case of the 
moon, the inclination of its oblique circle with respect to the ecliptic is so small as to be neg- 
ligible for such considerations. But the moon’s returns in latitude do not appear to correspond 
to its returns in longitude—that is, its successive returns to the same parallel to the ecliptic 
take place at different great circles through the ecliptic’s poles. Hence it is necessary to sup- 
pose that the nodes of its oblique circle move with respect to the ecliptic, and therefore it is 
necessary to distinguish its latitudinal movement from its longitudinal. 
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way assumed that period of time to be 6,58514 days. For in this period they saw 
accomplished very nearly 223 lunar months, 239 restitutions of anomaly, 242 
latitudinal cycles, and 241 longitudinal cycles plus the 1024° which the sun also 
adds to its 18 complete revolutions in that time, their restitutions being ob- 
served with respect to the fixed stars. And they called this interval of time 
“periodic” as being the least to collect approximately the differences of the 
movements into one complete cyclical restitution. In order to arrange it in terms 
of whole days, they tripled the 6,58514 days and got the number 19,756 which 
they called an evolution [é&eAvypyés]. And likewise tripling the others, they had 
669 lunar months, 717 restitutions of anomaly, 726 latitudinal cycles, and 723 
longitudinal cycles plus the 32° which the sun also adds to its 54 complete 
revolutions. 

And again Hipparchus proved by calculations from his own and Chaldean 
observations that these numbers were not accurate. For he shows by the obser- 
vations he lays down that the least number of days in which the moment of 
eclipse recurs, after an equal number of months and an equal number of move- 
ments, is 126,007 days and 1 equatorial hour. And in this amount of time he 
finds fulfilled 4,267 lunar months, 4,573 complete restitutions of anomaly, 4,612 
zodiacal revolutions less the 714° (very nearly) which the sun also lacks of com- 
pleting 345 circles, these restitutions again being observed with respect to the 
fixed stars. And so he finds, when the given number of days is distributed over 
the 4,267 lunar months, that the mean time of the lunar month amounts to very 
responding intervals from lunar eclipse to lunar eclipse are equal, so that the 
restitution of irregularity becomes evident from the fact that always in this 
amount of time there are contained just so many lunar months, and that to the 
4,611 revolutions, equal in longitude, are added 35214° in accordance with the 
sun’s syzygies. 

But if one should seek, not the number of months from lunar eclipse to lunar 
eclipse, but only from a conjunction or full moon to the corresponding syzygy, 
he would find a still smaller number for the restitution of anomaly and for the 
lunar months by taking their only common measure 17, which brings the result 
to 251 lunar months and 269 restitutions of anomaly. But this period of time 
was found no longer to complete the latitudinal restitution. For the return of the 
eclipses appeared to save the equalities only with respect to the intervals of time 
and of the longitudinal revolutions, but not with respect to the magnitudes and 
similarities of the shadows cast, from which the latitude is known. 

Now, having already found the time of the return of anomaly, Hipparchus 
again compares the intervals of lunar months bounded by eclipses in every way 
similar both in the magnitude and length of time of the shadows cast and in 
which was no anomalistic difference, so that the latitudinal course for that rea- 
son appears to make a cyclical return. And he shows that such a revolution is 
completed in 5,458 lunar months and 5,923 latitudinal cycles. 

Now this was somewhat the way in which our predecessors dealt with these 
researches. But we would consider it neither a simple nor easy way, but one de- 
manding much methodical diligence. For, first, it would be no use for us to grant 
that the durations of the intervals are accurately.found to be equal to each 
other, unless the sun effected either the same anomalistic difference or none for 
each of the intervals. For if this should not be so, and there should be, as I said, 
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some anomalistic difference of the sun, then neither will the sun, nor evidently 
the moon, have made equal revolutions in equal periods of time. If, for instance, 
each of the distances compared in addition to the complete and equal solar years 
takes on another half year, and if in this amount of time the sun happens to 
have moved in the first interval from its mean movement in the Fishes, and in 
the second interval from its mean movement in the Virgin, then in the first in- 
terval it will have added on less than the semicircle by nearly 434°; and in the 
second interval, more than the semicircle by the same amount. And so in the 
same time the moon has a surplus, over and above complete circles, of 17514° 
in the first interval; and 18434° in the second. 

Hence we say it is first necessary that this sort of accident be characteristic 
of the intervals in their relationship to the sun: either (1) that it embrace whole 
circles; or (2) that for one interval it add on a semicircle from the apogee and 
for the other a semicircle from the perigee; or (3) that for both it begin from the 
same section; or (4) that it be equidistant on each side of either the apogee or 
the perigee, for the first eclipse in one interval and for the second eclipse in the 
other. For only in this way would its anomalistic difference be either equal or 
absent in each interval, so that the extra arcs would be equal either to each 
other, or to each other and arcs of regular movement. 

And, secondly, we think that like attention should be paid to the courses of 
the moon. For if no distinctions are made here, it will again appear possible for 
the moon to be able to add on equal longitudinal arcs in equal periods of time 
without any restitution of its anomaly. And this will happen (1) if for each of 
the intervals it begins from the same course which is to be added or subtracted 
and does not stop at the same; or (2) if in one interval it begins from the greatest 
movement and stops at the least, while in the other it starts from the least and 
ends at the greatest; or (3) if the first course of one interval and the last course 
of the other are equidistant on each side of either the course of greatest move- 
ment or the course of least movement. For each of these cases, if it come about, 
will either again produce no anomalistic difference or the same, and therefore 
make the longitudinal surpluses equal, but will effect no restitution of anomaly. 
Therefore the intervals considered must fall under none of these cases if they 
are to embrace a restitution of anomaly. 

But on the contrary, if complete restitutions of anomaly are not embraced by 
the intervals, we should choose those which can most thoroughly manifest the 
inequality ; that is, we should choose them when they begin not only from differ- 
ent courses but also from ones very different either in magnitude or power; 
(a) in magnitude as when in one interval it begins from the least course and does 
not end with the greatest and when in the other interval it begins from the great- 
est and does not end with the least, for in this way the difference of longitudinal 
surplus will be greatest if whole cycles of anomaly are not completed, especially 
when one quadrant or three quadrants of one anomaly are left over, the inter- 
vals then being unequal by twice the anomalistic difference; and (b) in power 
as when in each of the intervals it begins from the mean course, and not from 
the same mean, but in one interval from the mean additively and in the other 
subtractively; for in this way, if the anomaly is not restored, the longitudinal 
surpluses will differ from each other the most—by twice the anomalistic differ- 
ence if the surpluses are again a quadrant or three quadrants of an anomalistic 
cycle, or four times the difference if a half cycle. 
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And, therefore, we see that Hipparchus was most attentive, as he judged, in 
his choice of the intervals gotten for this research. And we see he used the case 
where the moon, in one interval, started from the greatest course and did not 
stop with the least, and, in the other interval, started from the least and did not 
stop with the greatest; and redeemed the resulting anomalistic difference of the 
sun, although it is short a bit because the sun’s return fails of complete circles 
by very nearly one quarter of a sign which is not the same sign and does not 
produce an equal anomailistic difference in each of the intervals. 

And we say these things, not to belittle this method of getting at the periods 
of return, but to bring to mind that, when it is done with the proper care and 
consequent calculation, it can rectify the difference; but that, if any at all of the 
incidents explained are neglected, it will completely falsify the solution sought; 
and that a rectification which accurately takes into account all the incidents of 
the observations is very difficult for those who are making a discerning choice 
of these observations. 

Now, of the periodic returns given according to the calculations made by 
Hipparchus, that of the lunar month, as we said, appears to have been calcu- 
lated as soundly as possible and not to differ by any sensible amount from the 
true one. But the periodic return in latitude and the restitution of anomaly ap- 
pear to be off by an appreciable amount. So much so that we have immediately 
seen the flaw from the simpler and easier means employed by us in view of the 
same discrimination. And we shall immediately demonstrate these methods a- 
long with the quantity of the moon’s anomaly. But first we set out, for greater 
service in what follows, the particular mean movements in latitude, longitude, 
and anomaly, in accordance with the proposed times of return of the periodic 
movements modified by that correction which will be demonstrated later. 


3. On THE Moon’s Reeutar Movements In DETAIL 


If now we multiply the sun’s mean daily movement, proved to be very nearly 
0°59i8i1] 71111 3iv1 2°B81¥i, by the 29 days 31‘5018i20i” of one lunar month, and 
add to the result the 360° of one circle, then we shall have the longitudinal 
course of the moon’s mean movement in one lunar month—that is, very nearly 
389°6'23 ii] 11124 iv2V30%I57%11, Distributing these over the days of the lunar month 
we shall have the moon’s daily movement in longitude—that is, very nearly 
13°101344158 11133 '%30%3071. 

Again, multiplying the 269 circles of the anomaly by the 360° of one circle, 
we shall have the number 96,840°. Distributing these over the 7,412 days 10‘44%i 
51i40'” of the 251 lunar months, we shall have a daily mean movement of 
anomaly of 13°3'53156129'v38"38¥i. 

Likewise multiplying the 5,923 returns in latitude by the 360° of one circle, we 
shall have the number 2,132,280°. Distributing these over the 161,277 days 583 
583 ii20iv of the 5,458 lunar months, we shall have the daily mean latitudinal 
movement of 13°13'451139'#40'¥1 7719¥4, 

Again, subtracting the sun’s daily mean movement from the moon’s daily 
mean movement in longitude, we shall have the daily mean elongation of 12°11! 
264 IDO r5OT 

Through the methods we shall employ later on, as we have already said, we 
find that the daily mean movement in longitude remains practically unchanged 
and that, of course, the movement of elongation remains about the same, too; 
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but that the daily mean movement of anomaly is less by 11'”46°39¥i, so that it 
becomes 13°3'531156'#17*¥51%59"', and that the daily mean movement in latitude 
is more by 8'¥39"18¥', so that it becomes 13°13'45113911481"56 "37 "1. 

If, in accordance with these daily movements, we take one twenty-fourth of 
each, we shall have the hourly mean movement in longitude of 0°32'561127+1i26i¥ 
23°46"'15""!; the hourly mean movement of anomaly of 0°32'39!144i1i50iv4.4¥ 
39VI57 VZOVH. in latitude of 0°33'41124ii9i¥3 2721 VIZ QviigOviil: and of elongation 
of 0°30'281136111431%20"44"'57"N30""1, And if we multiply the daily movements 
by thirty and subtract the complete circles, we shall have the monthly mean 
surplus in longitude of 35°17'29164145'¥15"; the monthly mean surplus of a- 
nomaly of 31°56'58'18'155'"59"30"; in latitude of 36°52'49115411128i"] 8"3 1%); and 
of elongation of 5°43'20140!#8i¥59"30¥), 

Again, multiplying the daily mean movements by the 365 days of an Egyp- 
tian year and subtracting the complete circles, we shall have the yearly mean 
surplus in longitude of 129°22'4611131#150¥32"30'; the yearly mean surplus of 
anomaly of 88°43'711281141'v13%55"'; in latitude of 148°42'47i!] 2iti44ivQ5v5vi- 
and of elongation of 129°37'21'!281129'¥23"55vi, 

Next, multiplying the yearly movements by eighteen for greater facility as 
we said, in using the table, and subtracting the complete circles, we shall have 
an eighteen-year mean surplus in longitude of 168°49'52:!91119iv45v: an eighteen- 
year mean surplus of anomaly of 156°56'141#36#122¥10%30"i; in latitude of 156° 
50'91'497111 9i¥3 130"; and of elongation of 173°12'26ii32ii1149iv10v30vi, 

Then we shall construct, as in the case of the sun, 3 tables, again of 45 rows and 
5 columns each. Now the first column will contain the particular times: in the 
first table, the eighteen-year periods; in the second table, the years and then 
again the hours; in the third table, the months and then again the days. And the 
other four columns contain the particular comparisons in degrees: the second 
column those in longitude, the third those of anomaly, the fourth those in lati- 
tude, and the fifth those of elongation. See tables on following pages. 
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4. TABLES OF THE Mean MoveMEnts or THE Moon, Taste I 


Longitudinal Surplus Surplus of Anomaly 

Col 14 ' Cats2 11°22’ within the Bull! Col. 3 268°49' 

Years | Degrees| I | II | IIL |1IVj V Degrees | I | II | Wi] IV | V | VI 
18 168 | 49152) 9 9 | 45 156 _| 56.) 14 | 36;} 22 4.10 |.30 
36 337 «| 89 | 44 | 18 | 19 | 30 313 | 52.| 29 | 12 | 44 | 21] O 
54 146.5) 29 |,36 4 27.) 29 } 15 110 | 48 |} 43 | 49} 6] 31 | 30 
72 315 19 | 28 | 36 | 39 | 0 207 -) 44. 58 |725-|°20°| aa. 

64 | 41 | 13 L 50%) *o2 430 

y iva ST 27 B84Nts Me Se 
18 | 33 | 421] 14 | 35 | 13 | 30 

175 | 29 | 56 | 50 | 57 | 24] 0 

332 | 26 | 11 | 27 | 19 | 34 | 30 

129) 22019 262), 08.104 be Abe! oe OD 

286 18 | 40 | 40 | 3] 55} 30 

83 14:1¢55~|016ulo26 | 6.1 0 

240 11 9 | 52 | 48 | 16 | 30 
on 7 ligt | 29 Vail | ae teee 

194 3 | 39 | 56 | 32 | 37 | 30 

350 | 59 | 53] 41 | 541 48] O 

147 | 56!) 8 | 18] 16 | 58} 30 

304 | 52] 22 | 54} 39 | 9] O 

101 48 | 37 | 31 1 | 19 | 30 

258 | 44] 52) 7] 23 | 30] O 
99 | 41 6 | 43 | 45 | 40} 30 

51 | 0 
9 | 33.| 35,| 56 | 30 1 | 30 

166; ,\_29, | 50 | 32) 62 1 12 1 

323 | 26| 5] 9 | 14} 22; 30 

120g) 22] Lol tos] SO. ooo a 

277 18 | 34 | 21 | 58 | 43 | 30 


360 136. | Sf) .23 po Bo | LSet 10 
378 305 | 27} 15} 12 | 24) 45 
396 114 | 17 | 7] 21 | 34 | 30 
414 283 6 | 59 | 30 | 44 | 15 
432 91 56 | 51 | 39 | 54] 0 
450 260 | 46 | 48} 49 | 3 | 45 
468 69 | 36 | 35) 58 | 13} 30 
486 SSP Lo, 2o| | ooo 
504 47 16 | 20 | 16 | 338] O 
522 216 6 | 12 | 25 | 42 | 45 
540 24 | 56] 4 | 34 | 52 | 30 
558 193 | 45 | 56) 44} 2] 15 
ards) 2 Maou! 48. huHom| ol? so O 
594 Lgl-taltcoeleeal| “2 | 2l [ao 
612 340 | 15 | 33 | 11 | 31 | 30 
630 149 o | 20 | 20 | 41 715 
648 ol? “ee i | Zeer |” oO 
666 126 | 45 |)' 9 | 39 | | 45 
684 295 |; 35| 1 | 48] 10; 30 
702 104 | 24 | 53} 57 | 20 | 15 
720 273 Whe tedt62) 6 | 30°; 60 
738 82 4 | 38 | 15 | 39 | 45 
756 250 | 54 | 30 | 24 | 49 | 30 
774 59 | 44 | 22} 33 | 59 | 15 
792 228 | 34/14/43! 9! O 65 | 14} 42 | 40 | 15 | 42 | O 
810 Bhs leet leo Oleda | lout 4 222 | 10;| 57 | WO} of jeez ae 
1These numbers under the headings refer, of course, to the surpluses at the epochs in the 
year 1 of Nabonassar. 


O | 33 | 29 | 38 | 24 | 49 | 30 


314 | 25 | 58 | 51} 9 | 10} 30 
lla | 22) Woq 274) Sk |eeie ap 
268 | 18 | 28) 3 | 53) 31 | 30 
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4. TABLES OF THE Mean MOVEMENTS OF THE Moon, TaBLE I—Continued 


Col. 1 
Years 

18 

36 

54 

he 

90 
108 
126 
144 
162 
180 
198 
216 
234 
B52 
270 
288 
306 
324 
342 
360 
378 
396 
414 
432 
450 
468 
486 
504 
22 
540 
558 
576 
594 
612 
630 
648 
666 
684 
702 
720 
738 
756 
774 
792 
810 


Col. 4 
Degrees 


156 


Latitudinal Surplus 


354°15" 
III 
49 | 19 
38 | 39 
27 | 58 
17 | a 

6 | 37 
590 | 57 
45 | 16 
34 | 36 
23 | 55 
13 | 15 

2 | 34 
51 | 54 
41 | 13 
30 | 33 
19 | 52 

9; 2 
58 | 31 
47 | 51 
3¢ | 10 
26 | 30 
15 | 50 


Vv 
31 

3 
34 


Col. 5 
Degrees 
173 
346 
159 
332 
146 
319 
132 
305 
118 
292 
105 
278 
91 
264 
78 
251 
64 
Zot 
50 
224 
37 
210 
23 
196 
10 
183 
356 
169 
343 
156 
329 
142 
315 
129 
302 
115 
288 
101 
275 
88 
261 
74 
247 
61 
234 


70°37" 
IT] 
32 | 49 

5 | 38 
38 | 27 
Li | a 
44) 5 
16 | 55 
49 | 44 
22 |.33 
55 | 22 


Surplus of Elongation 
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4. TABLES OF THE Me&AN MoveEMENTs OF THE Moon, Tasue II 


Col. 1 | Col: 2 Longitudinal Surplus Col. 3 Surplus of Anomaly 
Years | Degrees I | IF | TIFTUW Vv | VI | Degreessi eT | IT | TRY PEW) Vila 
1 129 | 22 | 46 | 18 | 50 | 32 | 30 88 | 43 | 7} 28; 41 | 13 | 55 
2 258 | 45 | 32 | 27 | 41 5 | 0 177 = 26 1-14 167 | 22h) 27 50 
3 28 8 | 18 | 41 | 31 | 87 | 30 266 9 | 22 | 26} 31] 41; 45 
4 Tov | 31 4155 | 22:10) 0 354 | 52 | 29 | 54 | 44 | 55 | 40 
5) 286 | 53 | 51 9} 12 | 42 | 30 83 | 35 | 37 | 23 | 26| 9 | 35 
6 56 16 }3/7 Za | Fob) > 0 172 18 | 44 1 52 | 7 1} 23 | 30 
a 185 | 39 | 23 | 36 | 53 | 47 | 30 261 1 |} 52 | 20 | 48 | 37 | 25 
8 315 2} 91 50} 44/20; O 349 | 44 | 59 | 49 | 29 | 51 | 20 
9 84 | 24156 | 4 | 34} 52 | 30 8. P28 POF PAS | Oo WEES 
10 218 ) 47 42 18 | Bot) 25 PO 167 11 | 14 | 46 | 52 | 19 | 10 
11 343 10 |*28 1°32 | 15 | 57 + 30 295 54 22 | 15 | 63°) 33 Wes 
12 112 | 33] 14} 46] 6) 30; 0 344 | 37 | 29 | 44] 14 | 47) O 
13 241 56 | 0 | 59 | 57 | 2 | 30 7S | 120 187 (12 | 66) “O4NS5 
14 ki 18 | 47 | 13 | 47 | 35] O 162 3 | 44 | 41 | 37 | 14 | 50 
15 140 | 41 | 33} 271 38) 7 | 30 200 | 46 | 52 | 10 | 18 | 28 | 45 
16 270 41/19} 41 | 28 | 40; O 339 | 29 | 59 | 38 | 59 | 42 | 40 


47} 3119] 2 | 20 | 20 42 | 35 | 57 | 31 | 54 | 39 
19 | 59 | 46 | 28 | 44] 6 15 | 15 | 42 | 22 | 39 | 19 
52 | 56} 13 | 55 | 7 | 52 47 | 55 | 27 | 13 | 23 | 59 
19 10 25 | 52 | 41 | 21 | 31 | 38 10 20 |.351} 12; 4; 81} 39 
20 10 58 | 49} 8 | 47 | 55 | 25 10 53 | 14 | 56 | 54 | 53 | 19 
21 1] 31 | 45 | 36 | 14 | 19 | 11 11 25 | 54 | 41 | 45 | 37 | 59 
22 12 4142] 3) 40 | 42 | 57 11 58 | 34 | 26 | 36 | 22 | 39 
23 12 Bh ne® eal | ad 106 ae 12 BL | 24 dd) | hut OWT honk 


24 13 10 | 34 | 58 | 33 | 30 | 30 13 3 | 53 | 56 | 17 | 51 | 59 


17 39 Zi Fy Pop | Te! TZ 30 68 Ta 7 7 | 401 56 | 35 
18 168 49 | 52 9 9 | 45 0 156 56 | 14 | 36 | 22 ; 10 | 30 
Hours Longitudinal Surplus Surplus of Anomaly 
1 0 29) lal le 27 || 2el 23 | 46 0 32 | 39 | 44 | 50 | 44 | 40 
2 1 5 | 52 | 54 | 52 | 47 | 32 ] 5 | 19 | 29 | 41 | 29 | 20 
3 1 38 | 49 | 22} 191! 11] 18 1 37 {| 59 | 14} 32 | 14 0 
4 2, 11 | 45 | 49 | 45 | 35 5) 2, 10 | 38 | 59 | 22 | 58 | 40 
5 2 AM WAZ 17 | dle! 58 4 51 2 43 | 18 | 44] 13 } 438 | 20 
6 3 17 ‘edS 1,44 1 38 | 22 Wal 3 15 | 58 | 29 4 | 28 0 
7 3 50 | 35 | 12 4 | 46 | 23 3s 6 «1448' 1- 38' LAS | BS)| 12 Wy40 
8 4 2a Wall, 139 | Sle! 10 j10 4 21 7, oS | Ses 67 20 
9 4 56 | 28 Gl Sia) 33 i; 56 4 53: lav |.43 | 36 | 42 0 
10 5 28) |\n24 1134 | 2oul OF ju42 5 26 wor le2s | det 26 ined 
11 6 | 1 | 50,) 21 |, 28 a 59 |} 17 | 13! 18] 11 | 20 
12 6 35 | 17 | 29 | 16 | 45 | 15 6 31) 56) [pS 8 | 56 0 
13 é 8} 13 | 56} 43 9 1 7 4 | 36 | 42 | 59 | 40 | 39 
14 7 41 | 10 | 24 9 | 32 | 47 v4 37 bald ly27)| BO.) 25 | 9 
15 8 14 6 j. 51 | 35,| 56 | 33 8 9 | 56 | 12} 41 9 | 59 
8 8 
9 9 
9 9 
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4. TABLES OF THE MEAN MOVEMENTs OF THE Moon, Tas_e I[I—Continued 


{ 


Col. 1 | 
Single | Col. 4 Latitudinal Surplus Col. & Surplus of Elongation 
Years | Degrees esl TET | MV |- VO VIO Degrees 14, W4II 4 TTT JGRY | LV OF VI 
1 148 | 42 | 47 | 12 | 44) 25) 5 129: Wesy Meck BSS 129 7} 23m 55 
2 297 Zoos We25 |Z |.50)) 10 259 14 | 42 | 56 | 58 | 47 | 50 
3 86 So w21 1488 (aS | 15) IS 23) || 523lGee 7 25 \a28 | 1G 
4 234 | dl 8 | 50 | 57 | 40 | 20 158 | 29 125°) 53 | 57 | 35] 40 
5 26 40d 71956 1.0 | 142 bY 25 288 GAT W922 | 26 | SOMNR85 
6 172 16 | 43 | 16 | 26 | 30 | 30 57 | 44] 8 | 50} 56 |} 23 | 30 
7 320 OO swS0 E29 jot! | .55u) 35 187 21 | 30 | 19 | 25 | 47 | 25 
8 109 | 42 | 17 | 41 | 55 | 20 | 40 516 58 [51 W474 42.55") 119),.20 
9 258 | 25 | 4 | 541 39 | 45} 45 86) 1936 }elBNal6 e248 | S59 015 
10 47 7 | 52 7 | 24 | 10 | 50 216 13 | 34 | 44 | 53 | 59 | 10 
di 195 } 50; 39} 20{ 8 | 85] 55 $45: 4550 dvaGRelsi i233 | 23% 5 
12 344 | 33 | 26 | 32 | 53 1 0 LD 5: p 23: | Diheel 941 | 62 | Big ded 
13 133 TO glelo i, 40 \eat | 20 ns a) 245 FOF Tera S10" on 
14 281 oo, 0 4 58 {721 | S1L) 20 14 | 438} 0] 38 | 51 | 34 | 50 
15 70 | 41 | 48 { 11 6} 16 | 15 144 |.20 | 22). 7 | 20 | 58 | 45 
16 219 24 | 35 | 23 | 50 | 41 | 20 273 DY 1.48 1.35 50 |222 |, 40 
17 8 Chee 10 | ado? |G 25 43 |; 35{| 5] 4419 | 46] 35 
18 TO) Sp Opie 9 Ja49 joh9 | SLL S00 | is 12 | 26 | 32 | 49 | 10 | 30 


Hours Latitudinal Surplus Surplus of Elongation 


1 0 33 | 4) 24; 9 | 32} 22 0 30 | 28 | 36 | 43 | 20 | 45 
2 1 6; 8/48] 19] 4] 43 i 0 | 57 | 13 | 26 | 41 | 30 
3 1 39 | 13 | 12 | 28 | 37) 5 f 31 | 25} 50110] 2] 15 
4 2 12 | 17 | 36 | 38 | 9 | 26 2 1 |-54°} 26 | 53 | 23 | (0 
i) 2 45 | 22 | 0 | 47 | 41 | 48 2 32 | 23 | 3} 36] 43 | 45 
6 3 18 | 26 | 24 | 57 | 14] 9 3 2151 | 40) 20] 4 | 30 
7 3 51 | 30 | 49 | 6) 46] 31 3 ood] 2ZO-tel? 16 1125 ald 
8 4 24 | 35} 13 | 16] 18 | 52 4 3 | 48 | 53 | 46 |] 46] O 
9 4 57 | 89 | 37 | 25 | 51 | 14 4 34 |} 17 | 30 | 30] 6 | 45 
10 oy) oO | 44} 1 | 35 | 23 | 35 5 4146, 7] 13 | 27 | 30 
1] 6 3 | 48 | 25 | 44 | 55 | 57 5) 30 | 14 | 43 | 56 | 48 | 15 
12 6 36 | 52 | 49 | 54 | 28 | 19 6 5 | 43; 20] 40; 9} O 
13 7 9157 )14] 4] O| 40 6 36 | 11 | 57 | 23 | 29 | 44 
14 7 43} 1] 38) 13 | 33] 2 ¢ 6 | 40 | 34; 6] 50 | 29 
15 8 16 Nr 6 2/523 | 5-4 23 7 37 | 9} 10 | 50 | 11] 14 
16 8 49 | 10 | 26 | 32 | 387 | 45 8 7 | 37 | 47 | 33 | 31 | 59 
17 9 22 | 14} 50 | 42; 10] 6 8 38 | 6} 24) 16 | 52 | 44 
18 2 55 | 19 | 14 | 51 | 42 | 28 9 8/35; 1] 0O| 13 | 29 
19 10 28 Veco |F59 |wid | 148) 49 $ 39 | 3 | 37 | 43 | 34 | 14 
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Cal.d | Col. 2 
Months | Degrees 
30 35 
60 70 
90 105 
120 141 
150 176 
180 211 
210 247 
240 282 
270 317 
300 352 
330 28 
360 63 

Days 
| 13 
2 26 
3 39 
4 52 
5 65 
6 79 
7 92 
8 105 
9 118 
10 131 
11 144 
12 158 
13 171 
14 184 
15 197 
16 210 
7 223 
18 23/ 
19 250 
20 263 
21 276 
22 289 
23 303 
24 316 
29 329 
26 342 
27 350 
28 8 
29 22 
30 35 
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4. TABLES OF THE MEAN MoveEMENTs OF THE Moon, TABLez III 


Longitudinal Surplus 
Deal | TM ia y i ea 
17 | 29 | 16 | 45 | 15) O 
34 | 58 | 33 | 30 | 30] O 
52 [027 150 |S | 459) 0 
De OT RT 1}; Oa o 
27 | 26 | 23 | 46} 15] O 
44 | 55 | 40 | 31 | 30 | O 
2) 24157 | 16 | 45] O 
19 | 54; 14} 2) O| O 
37 | 23 | 30 | 47 | 15 | O 
54 | 52 | 47 | 32 | 30 | O 
12 122 Gle4 IolZ | 45U7 0 
29 } 51 421 3/ O| 0 
Longitudinal Surplus 
10 | 34 | 58 | 33 | 30 | 30 
21 oot |icd hale 
31 | 44 | 55 | 40 | 31 | 30 
42119 | 54) 14} 2] O 
SO Ot Age 1a | ae ld 
3~|-29 -|-514 21 3-|—0 
14} 4 | 49 | 54 | 33 | 30 
24 | 39 | 48 | 28; 4] O 
35 | 14 | 47 1 | 34 | 30 
45 |49| 45; 35 | 5] O 
56 | 24 | 44) 8 | 35 | 30 
6 | 59 | 42 | 42) 6] O 
17 | 34 | 41 | 15 | 36 | 30 
28 | 9; 39/491 7] O 
38 | 44 | 38 | 22 | 37 | 30 
49} 19 | 36; 56} 81] O 
59 | 54 | 35 | 29 | 38 | 30 
10 #129 47°34 | 3 | OW 0 
21 4 | 32 | 36 | 39 | 30 
31 1/39 }3t | 10 |} 10} 0 
42 | 14 | 29 | 43 | 40 | 30 
52 | 49 | 28 | 17} 11 0 
3 | 24 | 26 | 50 | 41 | 30 
13 | 59 | 25 | 24] 12) O 
24 | 34 | 23 | 57 | 42 | 30 
so4, O22 | st | Io 0 
45 | 44 | 21 4} 43 | 30 
56} 19 | 19 | 38 | 14] O 
6 | 54} 18} 11 |} 44 | 30 
17 4229 $16. | 45 | 1oeh O 


Col. 3 
Degrees 
o1 
63 
95 
127 
159 
191 
225 
255 
287 
319 
351 
23 


13 
26 
39 
52 
65 
78 
91 
104 
17 
130 
143 
156 
169 
182 
195 
209 
222 
235 
248 


23 


Surplus of Anomaly 
i | om V 


58 
56 
54 
52 
50 
48 
47 
45 
43 
41 
39 
37 


8 
17 
26 
35 
44 
53 

2 
11 
20 
29 
38 
47 


i 


59 
59 
58 
58 
57 
57 
56 
56 
50 
59 
54 
54 


Surplus of Anomaly 
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4, TABLES OF THE Mean MOvVEMENTs OF THE Moon, TaBieE I]]—Continued 


Col. 1 |. Coal. 4 
Months | Degrees 
30 36 
60 73 
90 110 
120 147 
150 184 
180 221 
210 258 
240 295 
270 331 
300 8 
330 45 
360 82 

Days 
1 13 
2 26 
3 39 
a 52 
i] 66 
6 79 
7 92 
8 105 
9 119 
10 132 
ni 145 
12 158 
13 171 
14 185 
15 198 
16 211 
17 224 
18 238 
19 yaw 
20 264 
7A 207 
22 291 
23 304 
24 317 
25 330 
26 343 
| 307 
28 10 
29 23 
30 36 


Latitudinal Surplus 


Ill | IV 
54 | 28 
48 | 56 
43 | 24 
of | 53 
32 | 21 
26 | 49 
vi bots 
15 | 46 
10 | 14 
4) 43 
59 | 11 
53 | 39 


Latitudinal Surplus 


39 | 48 
19 | 37 
59 | 26 
39 | 15 
8/48; 19) 4 
58 | 53 
38 | 42 
18 | 31 
58 | 20 
38 | 9 
17 | 58 
57 | 47 
37 | 36 
17 | 25 
o¢ | 14 
37 | 3 
16 | 52 
56 | 40 
36 | 29 
16 | 18 
BOL ke 
30 | 56 
15 | 45 
55 | 34 
35 | 23 
15 | 12 
55} 1 
34 | 50 
14 | 39 
54 | 28 


BI pet 


VI 
30 
0 
30 
0 
30 
0 
30 
0 
30 
0 
30 


Col. 6 
Degrees 


Surplus of Elongation 
Way TV 1} Vv 


40; 8 
20 | 17 
26 


59 
59 
58 
58 
57 
57 
56 
56 


40} 8 1 
Surplus of Elongation 


20 
40 


VI 
30 
0 
30 
0 
30 
0 
30 
0 
30 
0 
30 
0 
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5. THAT, IN THE CASE OF THE SIMPLE HYpoTrHEsis oF THE Moon, 
BOTH THE HrpoTHEsis OF ECCENTRICITY AND OF THE EPICYCLE 
PRODUCE THE SAME APPEARANCES 


And after these things there follows an explication of the manner and size of 
the moon’s anomaly. At present we shall develop the explication as if there were 
that one anomaly belonging to it to which alone nearly all our predecessors ap- 
pear to have turned their attention; I mean to that anomaly completed in the 
period of return already mentioned. Afterwards we shall show that the moon 
effects a second anomaly in its elongations from the sun,! an anomaly which be- 
comes greatest at the two quarters and is twice redeemed in the month’s time, 
at conjunctions and full moons. 

We shall use this order of demonstration because the second can never be 
found without the first’s being implied by it. But the first can be found without 
the second since it is derived from lunar eclipses where there is no sensible dif- 
ference due to the anomaly relative to the sun. And in the first proof we shall 
follow the methods we see Hipparchus used. For considering three lunar eclip- 
ses, we shall demonstrate the size of the greatest difference at the point of mean 
movement and the position of the apogee; we shall show that considered in itself 
this first anomaly can be effected both by the hypothesis of the epicycle and the 
hypothesis of eccentricity and the appearances will be the same; but that this 
last hypothesis would be more properly applied to the second anomaly relative 
to the sun in the combination of both anomalies. 

And so, in making this research, we shall see that again in the case of the sim- 
ple anomaly of the moon the appearances are the same in either of these hy- 
potheses even if the time-periods of the two returns—-(1) that relative to the 
anomaly and (2) that relative to the ecliptic—are not equal to each other as in 
the case of the sun, but are unequal as in the case of the moon, with only the 
ratios being again supposed the same. Since, then, the moon effects its return 
with respect to the ecliptic more rapidly than its return with respect to this 
anomaly, therefore it is evident that, on the hypothesis of the epicycle, in equal 
times the epicycle will move on the circle concentric with the ecliptic through 
an are greater than the one similar to that traversed by the moon on the epicycle 
itself; but that, on the hypothesis of eccentricity, the moon will traverse an 
arc on the eccentric circle similar to that traversed on the epicycle, and the ec- 
centric wil! turn about the ecliptic’s centre, in the same direction as the moon,” 
through an arc equal to the excess of the longitudinal course over the anomalistic 
course—that is, the excess of the concentric circle’s arc over the epicycle’s. For 
in this way not only the sameness of the ratios but also the equality of the times 
of each of the movements will be saved in both hypotheses. 

Now, these things being supposed as necessary and immediate consequences, 

1This second anomaly of the moon with respect to the sun is the first of those appearances 
which tie the planets to the sun instead of the earth. As we shall see later, each of the five 
planets has an anomaly with respect to the sun besides its other anomalies. And thus even on 
the geocentric hypothesis of Ptolemy, there are manifested inevitably heliocentric appear- 
ances. And so it is no wonder the Greeks had heliocentric theories. Nor is the appearance of 
the Copernican theory anything very extraordinary ; Copernicus had only to look at Ptolemy. 
Ptolemy himself sees all this when he says, in Book I, that the heliocentric theory would be 
simpler as far as the planets are concerned. 


?That is, both movements of the eccentric hypothesis—(1) that of the moon on the ec- 
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let there be the circle ABC concentric with the 
ecliptic, with centre D and diameter AD; and 
the epicycle EF with centre C. And let it be 
assumed that, when the epicycle was at A, the 
moon was at £, the epicycle’s apogee; and 
that in the same time the epicycle has tra- 
versed the arc AC and the moon the are EF. 
And let DE and CF be joined. And since the 
arc AC is greater than the are similar to EF, 
let BC be taken similar to EF and let BD be 
joined. It is clear, then, that in the same time 
the eccentric circle has moved through angle 
ADB, the excess of one of the courses over the 
other, and that its centre and apogee have 
come to be along the straight line BD. This 
being so, let DG be laid off equal to CF, and 
let FG be joined. And with centre G and radius FG, let the eccentric circle FH 
be drawn. 
I say that 


FG .DG : . CD: CF; 
and that, according to this last hypothesis also, the moon will be at point F— 
that is, arc FH will also be similar to arc EF. 
For since 

angle BDC =angle ECF, 

CF is parallel to DG. And 
CF=DG; 
and therefore 
FG=CD, 
and is parallel to it. And 
Wa ie. Ci: Cr. 

Again, since CD is parallel to FG, 

angle BDC =angle FGH. 
But it was supposed 

angle BDC =angle ECF. 
And so also arc FA is similar to arc EF. Therefore, in the same time according 
to either hypothesis, the moon has arrived at the point F, since it has moved 
through the epicycle’s arc EF and the eccentric’s are FH, which have been 
proved similar, and since the epicycle’s centre has moved through arc AC and 
the eccentric’s centre through arc AB, the excess of arc AC over arc EF. Which 
was to be proved. 


centric, and (2) that of the eccentric about the ecliptic’s centre or the earth—are from west 
to east in the general direction of the moon’s movement on the ecliptic or of the epicycle’s 
centre on the concentric circle. 

The equivalent epicyclic hypothesis is, of course, the case where the epicycle’s centre moves 
counter-clockwise while the epicycle itself turns clockwise. In the case of the moon, Ptolemy 
does not explicitly state, as he does with the other five planets, why it is necessary to take 
one epicyclic hypothesis and not the other. The reason is obvious. By the tables of observa- 
tions it was known that the time from the moon’s mean movement in longitude through its 
greatest movement back to the mean is always less than the time from its mean movement 
through its least movement back to the mean. 
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And, even if only the ratios are equal without their respective terms being so, 
and the eccentric circle is not equal to the concentric, it is clear to us as follows 
that the result will be the same. 

For let each of the hypotheses be drawn separately. And let there be the circle 
ABC concentric with the ecliptic, with centre 
D and diameter AD; and the epicycle EF with 
centre C’. And let the moon be at F. And again 
let there be the eccentric circle GH K with cen- 
tre L and diameter HLM. Andon thisdiame- _ 
ter let there be the ecliptic’s centre /; and let 
the point K be the moon. And in the first 
figure let DCE, CF, DF be joined; and in the 
second figure GM, KM, KL. 

And let 

CDACH iy: La LM. 
And let the epicycle have moved through 
angle ADC and the moon through angle ECP 
in the same time. And let the eccentric circle have moved through angle GMH 
and the moon in turn through angle HLK in the 
same time. Then, because of the relations assumed 
K N to hold between the movements, 

angle EHCF =angle HLK 


H 


and 
angle ADC =angle GM@H-+angle HLK. 

This being so, I say that, again on either hypothe- 
sis, In the same time the moon will appear to have 
traversed equal arcs; that is, 

angle ADF =angle GMK. 
For the moon at the beginning of the interval is at 
the apogees, and appears along the straight lines 
AD and GM; and at the end of the interval is at the 
points F and K, and appears along the straight lines DF and KM. 
For again let arc BC be laid out similar to each of the arcs HK and EF, and 
let BD be joined. Then, since 
CD. Cre: iL: LM, 
and since the sides about the equal angles at C and L are for that reason pro- 
portional, therefore the triangle CDF is equiangular with the triangle KLM and 
the angles opposite the proportional sides are equal. Therefore 
angle CFD=angle KML. 
But also 
angle BDF =angle CFD 
since it is supposed 
angle ECF =angle BDC 
and since, therefore, CF and BD are parallel. Therefore 
angle BDF =angle KML. 
But angle ADB, the excess of one movement over the other, is assumed equal to 
angle GMH, the passage of the eccentric. And therefore, by addition, 
angle ADF =angle GMK. 
Which was to be proved. 
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6. DEMONSTRATION OF THE Moon’s First AND SIMPLE ANOMALY 


Now that we have understood this much, we shall demonstrate this lunar 
anomaly on the hypothesis of the epicycle for the reason we assigned, first using 
three of the oldest eclipses we have which seem to have been faithfully recorded, 
and then again three from the present very accurately observed by ourselves. 
In this way our inspection will extend over the longest time possible; and espe- 
cially it will be evident that the anomalistic difference comes to be very nearly 
the same in both cases, and that the surplus of the mean movements is always 
found to agree with that computed from the periods of time already given with 
our corrections. With respect, then, to the demonstration of the first anomaly 
considered in itself, let the hypothesis of the epicycle, the one we have chosen, 
be applied as follows: 

Let the concentric circle be conceived on the lunar sphere and lying in the 
same plane with the ecliptic. And let another circle be conceived inclined to this 
one proportionately to the quantity of the moon’s latitudinal course, and borne 
from east to west around the ecliptic’s-centre at a regular speed equal to the ex- 
cess of the latitudinal movement over the longitudinal. Then on this oblique 
circle we suppose the epicycle to be moving regularly but from west to east ac- 
cording to the latitudinal return, which (considered with respect to the ecliptic) 
produces, of course, the longitudinal movement. And on the epicycle we suppose 
the moon to be passing through the arc of the apogee from east to west, accord- 
ing to the anomalistic return. Yet in this demonstration we shall not be con- 
cerned with the latitudinal advance nor with the obliquity of the lunar circle 
since no appreciable difference results in the longitudinal movement from an in- 
clination of this amount. 

I—tThen of the three ancient eclipses observed in Babylon, of which we 
spoke, the first is recorded as having taken place in the year 1 of Mardokempad, 
Egyptianwise Thoth 29-30. And the eclipse began, it is stated, more than one 
hour after the rise of the moon, and the eclipse was total. Now, since the sun 
was very nearly at the end of the Fishes, and the night was very nearly 12 equa- 
torial hours, evidently the beginning of the eclipse was 414 equatorial hours be- 
fore midnight, and the middle of the eclipse, since it was complete, was 21% 
hours before midnight. Therefore, in Alexandria, the midtime of this eclipse oc- 
curred 314 equatorial hours before midnight. For we establish hour-positions 
with respect to its meridian, and the meridian through Alexandria is west of that 
through Babylon by 4+ equatorial hour. And at that hour the sun’s true 
position was very nearly 244° within the Fishes. 

The second of the eclipses is recorded as having occurred in the year 2 of Mar- 
dokempad, Egyptianwise Thoth 18-19. And there was an eclipse, it says, of 3 
digits! from the southern end at midnight. Since, then, the middle of the eclipse 
appears to have occurred in Babylon at midnight, it must have occurred in 
Alexandria 4+ of an hour before midnight. And at that hour the sun’s true 
position was 1334° within the Fishes. 

The third of the eclipses is recorded as having taken place in the same year 2 
of Mardokempad, Egyptianwise Phamenoth 15-16. And the eclipse began, it 
says, after the rise of the moon, and there was an eclipse of more than half from 
the northern end. Now, since the sun was near the beginning of Virgin, the night 

1A digit is 1/12 of the moon’s apparent diameter. 
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in Babylon was very nearly 11 equatorial hours, and half the night 51% hours. 
Therefore the beginning of the eclipse occurred, at most, 5 equatorial hours be- 
fore midnight since it began after the moon’s rise; and the middle of the eclipse 
31% hours before midnight, since the whole time of an eclipse of this magnitude 
must have been very nearly 3 hours. Therefore in Alexandria, in turn, the mid- 
dle of the eclipse was effected 414 equatorial hours before midnight. And at this 
hour the sun’s true position was very nearly 314° within the Virgin. 

It is thus clear that, from the middle of the first eclipse to that of the second, 
the sun had moved, and the moon too, 349°15’ over and above the complete 
circles; and from the middle of the second eclipse to that of the third 169°30’. 
But the interval of time between the first and second contains 354 days and 2144 
equatorial hours for those considering them simply, but relative to the calcula- 
tion of regular solar days 2+14+ 1/5 hours; and between the second and third 
176 days and again 2014 equatorial hours simply considered, but 2014 hours 
accurately considered. And the moon moves regularly (for in this amount of 
time there will be no sensible difference even if one follow revolutions very close 
upon the true ones)! in 354 days and 2+14+45 equatorial hours, 306°25’ of 
its cycle of anomaly over and above the complete cir- 
cles, and 345°51’ in longitude. And in 176 days and 
201% equatorial hours, 150°26’ of its cycle of anomaly, 
and very nearly 170°7’ in longitude. It is clear, then, 
that the 306°25’ of the epicycle’s first interval have 
added 3°24’ to the moon’s mean movement; and that 
the 150°26’ of the second interval have subtracted 37’ 
from the mean movement. 

These things being assumed, let there be the 
moon’s epicycle ABC. And let point A be the moon’s 
position in the middle of the first eclipse, and B its 
position in the middle of the second, and C its posi- 
tion in the middle of the third. Let the moon’s move- 
ment on the epicycle be thought as taking place from 
B to A and from A to C in such a way that the arc 
ACB of 306°25’, which it has traveled from the first 
eclipse to the second, adds 3°24’ to the mean move- 
ment; and that the are BAC of 150°26’, which it 
has traveled from the second eclipse to the third, 
subtracts 37’ from the mean movement. And there- 
fore in such a way that the passage from B to A of 
53°35’ subtracts the 3°24’ from the mean movement, 
and the passage from A to C of 96°51’ adds 2°47’ to the 


mean movement.” 

1In establishing the mean positions for the moon in each of the two series of eclipses, the 
lengths of the time-intervals are so small that there is no sensible difference if one use the 
averages of Hipparchus or the corrected ones given by Ptolemy in the tables. This remark is 
necessary because it is from a comparison of the second eclipse in the old series and in the new 
series, in Chapter 7 of this Book, an interval of some 854 Egyptian years, that the corrections 
are gotten—very small, indeed, but appreciable. Otherwise Ptolemy would be pulling himself 
up by his boot-straps. 

2Whatever A to B adds, B to A must subtract, since A to A being a complete cycle neither 
adds nor subtracts. Likewise if B to C subtracts 37’ and B to A 3°24’, then A to C must add 
the difference between 37’ and 3°24’, or 2°47’. 
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Now, that it is impossible for the epicycle’s perigee to be on the arc BAC is 
clear from the fact that this arc is subtractive and less than a semicircle. But the 
greatest movement is assumed to be at the perigee. Since, then, it must be on 
the arc BEC, let the centre of the ecliptic and of the circle carrying the epicy- 
cle’s centre be taken, and let it be D. And let the straight lines DA, DEB, DC, 
from the center of the three points of eclipse, be joined. 

Then, generally—in order that we may easily apply this theorem in similar 
demonstrations, both in case we prove them by the 
hypothesis of the epicycle as here, and by the hy- 
pothesis of eccentricity when the centre D is taken 
within the circle—let one of the three straignt lines 
we just joined be produced to the opposite arc, as 
here we have DEB drawn from the point B of the 
second eclipse to &. And let a straight line, in this 
case AC, join the other two points of eclipse. And 

from the intersection made by the line produced, E 

LPR for instance, let straight lines be joined to the other 

yo two points, in this case the lines HA and EC. And let 

E perpendiculars be dropped on the straight lines from 

these other two points to the centre of the ecliptic, 

that is EF on AD and EG on CD. From one of these 

two points, in this case C, let the perpendicular be drawn to the line joining the 

other point, in this case A, to the principal intersection made by the line pro- 

duced, here E—that is, CH on AZ. And from whatever intersection we extend 

the construction, we shall always find the same ratios resulting for the numbers 
of the demonstration; and the choice is made only with a view to facility. 

Since, then, arc AB was proved to subtend 3°24’ of the ecliptic, therefore, 
considered as an angle at the ecliptic’s centre, 

angle ADB =3°24’ 
= 6°48’ to 2 rt. 
And so also, on the circle about right triangle DEF, 
arc EF =6°48’, 
chord EF =7°7’ 


where 
hypt. DE =120°. 
Likewise, since 
arc, AB =53°35’, 
therefore, being on the circumference, also 
angle BEA = 53°35’ to 2 rt. 
But it was seen 
angle ADB =6°48’ to 2 rt. 
and therefore, by subtraction, 
angle EAF =46°47’ to 2 rt. 
And so, on the circle about right triangle AEF, 
are EF =46°47’, 
chord EF =47°38’30” 
where 
hypt. AE = 120. 


where 
EF=7°7', 
and 
DE= 120°. 
Again, since are BAC subtends 37’ of the ecliptic, considered as an angle at 
the centre of the ecliptic, 
angle BDC =37’ 
= 1°14’ to 2 rt. 
And so, on the circle about right triangle DEG, 
are EG=1°14’, 
chord EG=1?17'30” 
where 
hypt. DE = 120°. 
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And 
AE =17°55'32” 


é 


: 


a a elena 


Likewise, since 
are BAC = 150°26’, 
being on the circumference, 
angle BEC = 150°26’ to 2 rt. 
But it was seen : 
angle BDC = 1°14’ to 2 rt. 
and therefore, by subtraction, 
angle DCE = 149°12’ to 2 rt. 

And so, on the circle about right triangle CEG, 

arc BG = 149°12’, 

chord EG=115"41’21” 

where 

hypt. CE =120.° 

And therefore 
Of = 20/23” 
where 
EG = 1°17'30", 
and 
DE=120?, 

and where it was proved 

AE =17°55'32”. 

Again, since it was proved : 
are AC=96°51’, 
therefore, being on the circumference, 

angle AEC =96°51’ to 2 rt. 
And so, on the circle about right triangle CEH, 
arc CH =96°51', 
and, as remainder of the semicircle, 
arc’ EH —Gao- 


And therefore 
chord CH =89?46'14”, 
chord LH =79°37'55” 
where 
hypt. CE = 120°. 
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And therefore 
GiH= 10/8" 
EH =0°53/21” 
where 
CE = 1°20'23”, 
and where it was proved 
AE = 17°55'327 ; 
and therefore, by subtraction, 
Add = Wi eon” 
where 
Cn —r'0o . 
And 
sq. AH =290°14'19”, 
sq. (CA =1°0'17" 
which added together give 
sq. AC =291714/36". 
Therefore, in length, 
AC =l¢"s o7 
CE =1°20'23” 


where 
DE = 120°. 
And 
chord AC =89?46/14” 
where 


epic. diam. = 120P; 
for it subtends are AC and 
are AC = 90 ol”. 
And therefore 
DE =631°13'48", 
CE =7"2/50” 


where 
AC = 89?46'14” 
and 
epic. diam. = 120°. 
And so 


arc CH =6°44'1”. 
But it is assumed 
arc ‘BAC = 150°26’, 
and therefore, by addition, 
are BCE = 157°10'1’, 
chord BE = 117°37'32” 
where 
epic. diam. = 120?, 
DE =631°13/48”. 

If, then, this line BE were equal to the epicycle’s diameter, the epicycle’s 
centre would fall on it, and the ratio of the diameters would be immediately evi- 
dent. But since it is less than the diameter, and arc BCE is less than a semicircle, 
it is clear that the epicycle’s centre will fall outside the sector BACE. 

Then let the point K be taken as centre, and let the straight line DATKL be 
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drawn from D, the centre of the ecliptic, through K in 
such a way that point L becomes the epicycle’s apogee, 
and M the perigee. 
Since then 
rect. BD, DE=rect. LD, DM, [Euel. m1, 36] 
and since we have proved 
BE =Mdg7s7 325 
DE =631°13'49”, 
and, by addition, 
BD =748?51'20” 
where, as the epicycle’s diameter, 
LKM =120?, 
therefore 
rect BD, DE=rect. LD, DM =472,700°5’32”. 
And again since 
rect. LD, DM+sq. KM =sq. DK, [Eucl. 11, 6] 
and since, as radius of the epicycle, 
KM =60?, 
therefore 


sq. DK =472,700°5/32” +-3,600° 
= 476,300°5/32”. 
And therefore, as the radius of the circle concentric with 
the ecliptic and carrying the epicycle, 
DK =690°8'42” 
where, as the epicycle’s radius, 
KM =60?. 
And so 
epic. rad. = 5°13’ 
where the radius of the circle carrying the epicycle and 
concentric with the eye is 60°. 
And in a similar figure let fall KNX from the centre 
K perpendicular to line BE, and let BK be joined. 


Since then 
DE =631"13'48", 
EN=half BE 
= §8°48’46”, 
where 


DK =690°8'42” 
so that, by addition, 
DEN =690°2’34”, 
therefore 
DN = 119°58'57” 
where 
Wik = 120°. 
And, on the circle about right triangle DN K, 
are DN = 178°2’. 
And so also 
angle DKN = 178°2’ to 2 rt. 
= 89°1’. 


a . = 
iia i 
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And therefore, on the epicycle 
arc MX =89°1’, 
and, as remainder of the semicircle, 
arc LBX =90°59’. 
And 
arc BX =half arc BX EH =78°35’, 

since it was proved 

are BX FE =157°10’. 
And therefore, by subtraction, the arc BL of the epicycle, which is the moon’s 
distance from the apogee at the middle of the second eclipse, is 12°24’. 

And likewise, since it was proved 

angle DAN =89°1’, 
therefore, by subtraction, angle KDN, which subtends the are subtracted from 
the mean longitudinal course and resulting from the anomaly due to the epi- 
cycle’s are BL, is its complement 59’. Therefore the moon’s mean longitudinal 
position at the middle of the second eclipse was 14°44’ within the Virgin, since 
indeed its true position was 13°45’ within the Virgin, with the sun 13°45’ within 
the Fishes. 

IJ.—Again, of the three eclipses we have chosen from those most carefully ob- 
served by us in Alexandria, the first occurred in the year 17 of Hadrian, Egyp- 
tianwise Payni 20-21; and we accurately calculated the middle of it to have oc- 
curred 34 equatorial hour before midnight. And the eclipse was total. At this 
hour the sun’s true position was very nearly 1314° within the Bull. 

The second occurred in the year 19 of Hadrian, Egyptianwise Choiac 2-3; and 
we calculated the middle of it to have occurred 1 equatorial hour before mid- 
night. And there was an eclipse to the extent of 44+ 4 of the diameter from the 
northern side. And at this hour the sun’s true position was very nearly 251¢° 
within the Balance. 

The third of the eclipses occurred in the year 20 of Hadrian, Egyptianwise 
Pharmouthi 19-20; and we calculated the middle of it to have occurred 4 equa- 
torial hours after midnight. And there was an eclipse to the extent of 14 of the 
diameter from the northern side. And at that hour the sun’s true position was 
very nearly 14°12’ within the Fishes. 

Now, it is clear that the moon and also the sun have moved, from the middle 
of the first eclipse to the middle of the second, 161°55’ over and above the com- 
plete circles; and from the middle of the second to the middle of the third, 138° 
55’. The time of the first interval is 1 Egyptian year 166 days and 2334 equa- 
torial hours simply considered, but 235g hours accurately considered. And the 
time of the second interval is again 1 Egyptian year 137 days and 5 equatorial 
hours simply considered, but 514 hours accurately considered. 

Now in 1 year, 166 days, and 235g equatorial hours, the moon makes a mean 
movement of 110°21’ of its anomalistic cycle over and above the complete cir- 
cles, and very nearly 169°37’ in longitude; and in 1 year, 137 days, and 5% 
equatorial hours, 81°36’ of its anomalistic cycle, and very nearly 137°34’ in 
longitude. It is clear, then, that the 110°21’ on the epicycle of the first interval 
subtract 7°42’ trom the mean longitudinal course, and that the 81°36’ of the 
second interval add 1°21’ to the mean longitudinal course. 

Now, these things being assumed, let there again be the moon’s epicycle A BC. 
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And let the point A be taken as the moon’s position in the 
middle of the first eclipse; B that of the second eclipse; 
and C that of the third. And let the movement of the 
moon be conceived as passing from A to B and then to C 
in such a way that are AB of 110°21’ subtracts, as we said, 
7°42’ from the mean longitudinal course; and that arc BC 
of 81°36’ adds 1°21’ to the mean longitudinal course; and 
that the remaining arc C'A of 168°3’ adds 6°21’. 

That the apogee must be on the arc AB is clear from 
the fact that it can neither be on arc BC nor arc CA, since 
each of them is additive and less than a semicircle. And 
yet, as if this were not assumed, let the centre of the eclip- 
tic and of the circle on which the epicycle is borne be 
taken, and let it be D. Let the straight lines DEA, DB, 
DC be joined from the centre to the three points of eclipse. 
And with BC joined, let the straight lines HB and EC be 
drawn from E to B and C; and EF and EG perpendicular 
to BD and DC; and again from C let CH be drawn per- 
pendicular to BE. 

Since then arc AB subtends 7°42’ of the ecliptic, there- 
fore, being at the centre of the ecliptic, 

angle ADB =7°42’ 
=a oF tO ott. 
And so also, on the circle about right triangle DEF, 
are Wr t5°24" 
chord EF = 16442” 


hypt: DE = 120°. 


where 


Likewise, since 
arc AB=110°21’, 
therefore, being on the circumference, 
aglt angle AH B=110°21' to 2 rt. 
u 


angle ADB = 15°24’ to 2 rt. 
Therefore, by subtraction, 
angle EBD = 94°57’ to 2 rt. 
And so, on the circle about right triangle BEF, 
arc HF =94°57’, 
chord EF =88°26'17” 


where 
hypt. BE = 120°. 
And therefore | 
BE =21°48’59” 
where | 


EF =16°4'42”, : 
DE=120° | 
Again, since arc AEC was shown to embrace 6°21’ of the ecliptic, therefore 
being at the centre of the ecliptic 
angle ADC =6°21’ 
= 12242/, to, 2.rt. : 
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And so, on the circle about right triangle DEG, 
are HG =12°42', 
chord EG = 13°16/19” 
where 
hypt: DE =120°. 
Likewise, since, by addition, 
arc ABC =191°57’, 
therefore, being on the circumference, 
angle AEC =191°57’ to 2 rt. 
But 
angle ADC’ = 12°42’ to 2 rt. 
Therefore, by subtraction, 
angle ECD =179°15’ to 2 rt. 
And so also, on the circle about right triangle CEG, 
are EG =179°15’, 
chord EG =119"59’50” 
where 
hypt.. CE =120°. 
And therefore ' 
CE =13°16'20” 
where 
EG = 1316/19", 
and 
DE = 120», 
and where it was proved 
BE =21°48'59”. 
Again, since 
arc BC =81°36’, 
therefore, being on the circumference, 
angle BEC =81°36’ to 2 rt. 
And so, on the circle about right triangle CEH, 
ar UH = PhO, 
and, as remainder of the semicircle, 
arc LH =98°24". 
And therefore 
chord CH = 78°24'37" , 
chord EH =90°50’22” 
where 
hypt. CE =120°. 
And therefore 
CH =8°40'20", 
EH = 10°2’49” 
where 
CE = 13°16'20” 
and 
BE =21°48’59”. 
Therefore, by subtraction, 
BH =11°46'10” 


132 PTOLEMY 


where 
CH =8°40/20”. 
And 
sq. BH =138°31'11’, 
sqhe.l=7or 1227" ; 
and 


sq. BC =138°31'11" +75°12/27” 
= 213°43'38”. 
Therefore, in length, 
BC = 14°37'10” 


where 
DE =A 20», 
GE = 18° 16-20. 
But also 
Be = (8°22 061 
where 


epic. diam. = 120?, 
for it subtends arc BC which is 81°36’. And therefore 
DE = 648°36'39", 
CE =71°11'4” 
where 
BC =78°24'37", 
epic. diam. = 120°. 
And so, on the epicycle, 
arc CH =72°46’10”. 
And it is assumed 
arc CEA = 168°3’. 
Therefore, by subtraction, 
arc AH =95°16'50" ; 
and 
chord AE =88?40'17” 
where 
epic. diam. = 120P, 
DE = 643°36'39”. 

Now again, since arc AE was shown to be less than a semicircle, it is clear that 
the epicycle’s centre will fall outside the segment AE. Then let it be taken and 
let it be K; and let DM KL be joined so that again point L becomes the apogee 
and M the perigee. Now since 

rect. AD, DE=rect. LD, DM, 
and since we have shown that 
AE =88"40'17”, 
DE = 643°36/39” , 
and, by addition, 
AD =732"16'56” 
where, as epicycle’s diameter, 
LKM =120?, 
therefore 
rect. LD, DM =471,304°46'17”. 
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L And again, since 
rect. LD, DM-+sq. KM =sq. DK, 
and since KM, the epicycle’s radius, when squared, is 
3,600", therefore 
sq. DK =471,304?46'17” +3600? 
=474,904?46/17”. 
And therefore, as the radius of the circle bearing the 
epicycle and concentric with the ecliptic, 
DK =689°8' 
where, as the epicycle’s radius, 
KM =60?. 


oe 


And so 
epic. rad. = 5P14’ 
where the straight line between the epicycle’s centre 
and the ecliptic’s centre is 60°. And this is very nearly 
the same ratio as that demonstrated a little while 
ago with the other eclipses. 
Again with the same figure, let the straight line 
KNX be drawn perpendicular to DEA from the cen- 
o tre K, and let AK be joined. 
Now since 
DE = 643°36'39”, 
and 
EN =half AE = 44°20’8” 
so that, by addition, 


DEN = 687°56/47” ‘ L 
where 
DK =689°8’, 
therefore also 
DN = 119°47'36” : 
where x 


hypt. DK =120?; 
and, on the circle about right triangle DAN, 
are DN = 173°17’'. 
And so : 
angle DKN =173°17’' to 2 rt. 
; = 86°38/30". 
And therefore, on the epicycle, 
are MEX =86°38'30” 
and, as remainder of the semicircle, 
are LAX =93°21'30". 
And 
arc AX =half arc AH =47°38’30", 
and therefore, by subtraction, 
are AL =45°43’, ) 
But it was assumed 
are AB=110°21’. 
And therefore the remainder arc BL, the distance of the moon from the apogee 
at the middle of the second eclipse, is 64°38’. 
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Likewise, since it was proved 

angle DK N =86°38’ 
and, as its complement, 

angle KDN =3°22’, 
and since it was assumed 

angle ADB =7°42’, 
therefore, by subtraction, angle LDB, which subtends the arc subtracted from 
the mean longitudinal course resulting from the anomaly due to the epicycle’s 
arc BL, will be 4°20’. And therefore the moon’s mean longitudinal position at 
the middle of the second eclipse was 29°30’ within the Ram, since indeed its 
true position was 25°10’ within the Ram with the sun 25°10’ within the Balance. 


7. ON THE CORRECTION OF THE Moon’s Mean MoveMEnNTS 
oF LONGITUDE AND ANOMALY 


Since we showed that.in the middle of the second of the old eclipses the moon 
was situated 14°44’ within the Virgin according to mean longitude, and with 
respect to the anomalistic cycle 12°24’ from the epicycle’s apogee; and that in 
the middle of the second of our own eclipses it was situated 29°30’ within the 
Ram according to mean longitude, and with respect to the anomalistic cycle 
64°38’ from the epicycle’s apogee, therefore it is clear that, in the interval of 
time between the two eclipses, the moon has run in mean movement over and 
above complete revolutions 224°46’ in longitude and 52°14’ of its anomalistic 
cycle. But the interval of time from the year 2 of Mardokempad, Thoth 18-19, 
44+) equatorial hours before midnight to the year 19 of Hadrian, Choiac 2-3, 
1 equatorial hour before midnight is 854 Egyptian years, 73 days, and 234+ 
equatorial hours simply calculated, but 2314 hours accurately calculated in 
mean solar days. Expressed entirely in days this is 311,783 days 2314 equatorial 
hours. And we find corresponding to them, for the daily movements we have al- 
ready set up according to the hypotheses preceding the correction, over and 
above the complete revolutions surpluses of 224°46’ in longitude and 52°31’ in 
the anomalistic cycle. And so the longitudinal surplus, as we said, is found to be 
the same as that deduced from our observations, but the surplus in the anoma- 
listic cycle exceeds by 17’. And therefore, before setting out the tables, in order 
to correct the daily movements, we distributed the 17’ over the number of days, 
subtracted the 11!46%39"' corresponding to each day from the daily mean 
movement of anomaly calculated before the correction, and found the corrected 
figure to be 13°3'53115641117!¥51"59¥'. And in accordance with this we made the 
rest of the calculations for the tables. 


8. On THE EPocH oF THE Moon’s Mean MovEMENTS 
or LONGITUDE AND ANOMALY 


In order to establish the epochs of two cycles in the year 1 of Nabonassar, 
Egyptianwise Thoth 1 at midday, we take the time from this date to the second 
of the first and nearest series of three eclipses, which, as we said, occurred:in the 
year 2 of Mardokempad, Egyptianwise Thoth 18-19, 4+14 equatorial hour 
before midnight. And this makes a total of 27 Egyptian years, 17 days, and very 
nearly 111% hours considered both simply and accurately. And corresponding to 
this interval of time there is a surplus, over and above the complete revolutions, 


of 123°22’ in longitude and a surplus of 103°35’ of the anomalistic cycle. If we. 
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subtract each of these numbers from each of the corresponding numbers proper 
to the positions of the second eclipse, then, in the year 1 of Nabonassar, Egyp- 
tianwise Thoth 1 at midday, we shall have the moon’s mean position 11°22’ with- 
in the Bull and 268°49’ from the epicycle’s apogee in the anomalistic cycle. And 
its elongation from the sun will be clearly 70°37’, since the'sun’s position at that 
time has been demonstrated to be 0°45’ within the Fishes. 


9. ON THE CORRECTION OF THE Moon’s Mean LatirupInau MovEMENTS 
AND THEIR EPOcHS 


Now this is the way we have established the cycles of longitude and anomaly 
and their epochs. But in the case of the latitudinal cycles we were quite wrong 
earlier in using Hipparchus’ assumption that the moon measures its own circle 
of revolution very nearly 650 times, and the circle of [the earth’s] shadow 214 
times when the moon is at its mean distance at the syzygies.! For with these as- 
sumptions and the inclination of the moon’s oblique circle, the limits of its par- 
ticular eclipses are given. Then, taking the intervals of eclipse and calculating 
from the size of the shadows cast in mid-eclipse the true latitudinal courses on 
the oblique circle from either node, and distinguishing by means of the anoma- 
listic difference already demonstrated the periodic from the true courses,? we 
find in this way the positions of the latitudinal cycle at mid-eclipse and the 
surplus over and above the complete revolutions which accrues in the time be- 
tween. But by using more elegant methods which need none of the former hy- 
potheses for getting what is desired, we have found that the latitudinal course is 
quite faulty. And from the course obtained now without them we have proved 
that these hypotheses concerning magnitudes and distances were not right, and 
we have made corrections. 

We have done likewise in the case of the hypotheses concerning Saturn and 
Mercury, changing certain things not altogether accurately determined before 
us by having fallen later upon surer observations. For it behooves those going 
forward with this theory inquiringly and for the love of truth to use the new and 
surest methods found, not only for the correction of the old hypotheses but also 
of their own if they need it; and not to think it disgraceful (for it is a great and 
divine profession) even if they happen upon a correction for greater accuracy 
due to others and not only to themselves. 

Later in this treatise we shall explain in the proper places how we prove each 
of these things. At present, for the sake of sequence, we shall turn to the demon- 
stration of the latitudinal course. And here is the method. 

Now, in the correction of the mean course we first looked for lunar eclipses 
from among those accurately recorded, as far apart in time as possible, in which 

1By the moon’s mean distance at the syzygies is here meant the linear distance from the 
earth of the centre of the moon’s epicycle at the syzygies. This is speaking strictly ; practically 
it is the distance from the earth to the moon when it is at the point of mean movement on its 
epicycle at the syzygies. For it will be seen later, in Book V, that the moon’s epicycle is borne 
on a moving eccentric in such a way that the epicycle’s centre is always at the apogee of the 
eccentric at the syzygies. Hence the mean distance at the syzygies is strictly the distance from 
the earth to the apogee of the moon’s eccentric circle. These distances are calculated in detail 
in Chapter 13 of Book V. 

2The true latitudinal return is the latitudinal return with respect to the moon; and the 
periodic latitudinal return is the latitudinal return with respect to the centre of the moon’s 


epicycle. Hence, as we shall see, when the anomalistic difference is known it is possible to find 
the latitudinal position of the epicycle’s centre. 
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the magnitudes of the shadows were equal, near the same node with both shad- 
ows either on the southern or northern side, and in which, moreover, the moon 
was at the same distance from the earth. All this being so, it necessarily follows 
that the moon’s centre in each of the eclipses is equidistant on the same side of 
the same node; and, therefore, that the true course of the moon embraces com- 
plete latitudinal cycles in the time between the observations. 

We then took, first, the eclipse observed in Babylon in the year 31 of Darius, 
Egyptianwise Tybi 3-4 at the middle of the sixth hour; and the moon was 
eclipsed to a breadth of 2 digits from the southern side. 

Second, we took that observed in Alexandria in the year 9 of Hadrian, Egyp- 
tianwise Pachom 17-18 at 33% equatorial hours before midnight; and the moon 
was eclipsed likewise to the extent of 1 of its diameter from the southern side. 

And the latitudinal course of the moon was in each eclipse near the descend- 
ing node. For this is taken from more general hypotheses. And the distance was 
very nearly equal and a little towards the perigee from the mean. For this be- 
comes clear from the previous demonstrations of the anomaly. Now since, when- 
ever the moon is eclipsed from the southern side, its centre is north of the eclip- 
tic, it is clear the moon, in each of the eclipses, precedes the descending node by 
an equal amount. 

But at the first eclipse the moon was 100°19’ from the epicycle’s apogee, for 
the middle of this eclipse occurred in Babylon 14 hour before midnight, and in 
Alexandria 114 hours before midnight. And the time from its epoch in the reign 
of Nabonassar totals 256 years, 122 days, and 1024 equatorial hours simply con- 
sidered, but 10144 hours with respect to mean solar days. Therefore, the true 
course was less than the periodic course by 5°!. In the second eclipse the moon 
was 251°53’ from the epicycle’s apogee. Here the time from the epoch to the 
middle of the eclipse totals 871 years, 256 days, and 82% equatorial hours con- 
sidered simply, but 8149 accurately considered. Therefore, the true course was 
more than the mean course by 4°53’. Consequently, in the interval of time be- 
tween the two eclipses, which contains 615 Egyptian years, 133 days, and 21+ 
144+1% equatorial hours, the true latitudinal course of the moon consists of com- 
plete cycles; but the periodic falls short of complete cycles by a total of 9°53’ 
from the two anomalistic differences. But calculated from the mean courses set 
out according to Hipparchus’ hypotheses, the periodic course falls short of com- 
plete restitutions by very nearly 10°2’. Therefore the mean latitudinal course 
is 9’ greater than his hypotheses allow. 

Now, distributing these over the given number of days which is very nearly 
224,609, and adding the resulting 8'¥39"18¥' to the daily mean movement al- 
ready demonstrated according to those hypotheses, we found the corrected daily 
mean movement to be 13°13'45i391148i¥56"37"'. And again, in accordance with 
this result, we made out the rest of the additions in the tables. 

Once the periodic latitudinal movement had been demonstrated in this way, 
in order to establish its position we again looked for an interval between two 
well-observed eclipses having the same incidents as the former—that is, where 
the distances of the moon were very nearly equal, and the shadows cast were 
equal, being in both cases either on the northern side or on the southern side, 


1This is taken from the Table of the Moon’s First and Simple Anomaly which is Chapter 10 
of this Book. This table is only for the anomalies at the syzygies because of the later use of an 
eccentric deferent. 
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but where the nodes were no longer the same but opposite. 

The first of these eclipses is the one we used in connection with the demon- 
stration of the anomaly, which occurred in the year 2 of Mardokempad, Egyp- 
tianwise Thoth 18-19, at midnight in Babylon, and 4+ 4 equatorial hour be- 
fore midnight in Alexandria. And the moon was observed to be eclipsed 3 digits’ 
breadth from the south. 

The second is the one Hipparchus used, occurring in the year 20 of Darius, 
successor of Cambyses, Egyptianwise Epiphi 28-29, 614 equatorial hours after 
nightfall. And here likewise the moon was eclipsed to the extent of a quarter of 
its diameter from the southern side. The middle of the eclipse in Babylon was 
at 26 equatorial hour before midnight, since a half-night at that time was very 
nearly 6+14+14 equatorial hours, and in Alexandria 1144 equatorial hours be- 
fore midnight. 

Each of these eclipses occurred when the moon was near the apogee, but the 
first at the ascending node and the second at the descending node, so that the 
moon’s centre was an equal distance north of the ecliptic in these eclipses also. 

Then let there be the oblique circle of the moon ABC with diameter AC; and 
let point A be supposed the ascending node, C' the 
descending node, and B the northernmost limit. 
And let equal ares AD and CE be cut off from 
each of the nodes A and C, in the direction of the 
northern limit B, so that in the first eclipse the 
moon’s centre is at D, and in the second at E. 

. A But the time from the epoch to the first eclipse 
is 27 Egyptian years, 17 days, and 114% equa- 
torial hours considered both simply and accurate- 
ly. And, therefore, the moon was 12°24’ from the 
epicycle’s apogee and the periodic course was 59’ 
greater than the true one, and the time from the 
epoch to the second eclipse is likewise 245 Egyp- 

tian years, 327 days, and 10+144+1]4 equatorial hours simply considered and 

1014 accurately considered. The moon hence was 2°44’ from the epicycle’s apo- 

gee, and the periodic course was 13’ greater than the true one. The time between 

the observations (amounting as it does to 218 Egyptian years, 309 days, and 

231% equatorial hours) gives, according to the mean latitudinal movement just 

demonstrated, a surplus of 160°4’. 

Now, with these things in mind let the mean course of the moon’s centre be 
in the first eclipse at F, and in the second at G. And since 
are FBG=160°4’, 

are DF =59’, 

arc EG=13’, 


B 


Om 
Qo 


therefore 
are HD=160°50". 
And therefore 
arc AD+are CH =19°10’ 
the rest of the semicircle. And since 
arc AD=arc CE, 
therefore 
are AD=are CE =9°35’. 
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This is the amount by which the moon’s true course, in the first eclipse, lay east 
of the ascending node, and, in the second eclipse, lay west of the descending 
node. Therefore, by addition and subtraction, 

arc AF = 10°34’, 

arc C@=9°22’. 

And so the moon’s periodic course, in the first eclipse, lay east of the ascend- 
ing node 10°34’, and was 280°34’ from the northern limit B; and, in the second 
eclipse, lay west of the descending node 9°22’, and was 80°38’ from the same 
northern limit. 

Finally, since the time from the epoch to the middle of the first eclipse em- 
braces a latitudinal surplus of 286°19’, therefore, if we subtract this surplus 
from a circle plus the 280°34’ representing the position of the first eclipse, we 
shall have the epoch of the latitudinal cycle in the year 1 of Nabonassar, Egyp- 
tianwise Thoth 1 at midday; and it will be 354°15’ from the northern limit. 

As for the determinations of the calculations for the conjunctions and full 
moons—since for these passages we need take no heed of the second anomaly to 
be demonstrated later—we shall set out the table of the particular sections geo- 
metrically again as in the case of the sun. And we shall do it by making use of 
the ratio of 60 to 514, and dividing as before the quadrants at the apogee into 
sections of 6° and the quadrants at the perigee into sections of 3°, so that again 
the scheme of the table is similar to that of the sun’s, with 45 rows and 3 col- 
umns. The first two columns contain the numbers representing the degrees of 
anomaly, and the third the corresponding degrees to be added or subtracted. 
They are to be subtracted in computing the movement in longitude and latitude 
when the total number representing the arc of anomaly from the epicycle’s apo- 
gee is less than 180°, and are to be added when it exceeds 180°. See following 
table: 


( 


—= 


10. TABLE OF THE Moon’s FIRST AND SIMPLE ANOMALY 


Common 

numbers 

i 2 

6 354 
12 348 
18 342 
24 336 
30 330 
36 324 
42 318 
48 312 
54 306 
60 300 
66 294 
vi) 288 
78 282 
84 276 
90 270 
93 267 
96 264 
99 261 
102 258 
105 20a 
108 pay 
111 249 
114 246 
M7 243 


11. THAT THE QUANTITY OF THE Moon’s ANOMALY AS GIVEN BY 
HIPPARCHUS DID NOT DIFFER BECAUSE OF THE DISSIMILARITY 
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Additive— 
subtractive 


29 
57 
25 


53 
a) 
44 


8 
31 
ol 


8 
24 
38 


49 
56 
59 


Common 

numbers 

1 2 
120 240 
123 aod, 
126 234 
129 PAE HN 
Loz 228 
Too 220 
138 222 
141 219 
144 216 
147 213 
150 210 
153 207 
156 204 
159 201 
162 198 
165 195 
168 192 
171 189 
174 186 
Lis 183 
180 180 


Additive— 
subtractive 
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ol 
24 
16 


7 
57 
46 


39 
23 
10 


57 
43 
28 


13 
o7 
41 


25 
9 
52 


30 
18 
0 


IN HYPOTHESES, BUT BECAUSE OF THE CALCULATIONS 
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- These things having been demonstrated in this way, it would be reasonable to 
try and find out why, in the case of the lunar eclipses compared by Hipparchus 
in his research on this anomaly, the ratio does not tally with that demonstrated 
by us; and why the first ratio, demonstrated according to the hypothesis of ec- 
centricity, does not agree with the second calculated according to the hypothesis 
of the epicycle. For according to the first demonstration, he finds the ratio of the 
eccentric’s radius to the line between its centre and the ecliptic’s centre to be 
very nearly 3,144 to 32724, which is the same as the ratio of 60? to 6°15’. And 
according to the second demonstration, he finds the ratio of the line from the 
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ecliptic’s centre to the epicycle’s centre to the epicycle’s radius to be 3,12214 to 
24714, which is the same as the ratio of 60° to 4°46’. And the ratio of 60 to 614 
makes the greatest anomalistic difference 5°49’; and the ratio of 60° to 4°46’ 
makes the greatest difference 4°34’. But in our calculations the ratio of 60 to 514 
makes the greatest difference very nearly 5°. 

Now, it became evident to us a little way back, from the fact that the same 
appearances would result interchangeably from either hypothesis, that this dis- 
crepancy does not follow, as some think, from the difference of the hypotheses; 
and that if we should make our calculations with numbers we would find the 
same ratio resulting from either hypothesis if one should follow the same ap- 
pearances for each, and not different ones like Hipparchus. For in this way, with 
different eclipses supposed, it is possible for the error to have occurred, either 
because of the observations themselves or because of the calculations of the in- 
tervals. 

In these eclipses we find the syzygies well observed and we find that they oc- 
curred according to the hypotheses of regular and irregular movements we have 
just demonstrated. But we find that the calculations of the intervals by which 
the ratio is demonstrated were not made with the greatest care possible. And be- 
ginning with the first three eclipses we shall go through each one of these calcu- 
lations. 

Now he says these three eclipses were given out by those crossing over from 
Babylon as having been observed there, that the first of them occurred in the 
Athenian magistracy of Phanostratus in the month of Poseideon, and that the 
moon was eclipsed to the extent of a small bit of its circle on the side of the sum- 
mer rising point, the night failing a half hour of being finished. And he says it 
was still eclipsed when setting. Now, this date is the year 366 of Nabonassar, 
Egyptianwise, as he himself says, Thoth 26-27, 514 seasonal hours after mid- 
night, since there remained a half hour of night. But when the sun is at the end 
of the Archer in Babylon, the night hour is 18° equatorial time. For then the 
night is 1424 equatorial hours. Therefore the 514 seasonal hours come to 63% 
equatorial hours. The beginning of the eclipse hence occurred 1834 equatorial 
hours after midday of Thoth 26. But since a small part was shadowed, the whole 
time of the eclipse must have been very nearly 14% hours. Therefore in Alex- 
andria the middle of the eclipse must have occurred 181% equatorial hours after 
midday of Thoth 26. And the time from the epoch in the year 1 of Nabonassar 
to the eclipse in question is 365 Egyptian years, 25 days, and 181% equatorial 
hours considered simply, but 1814 hours considered accurately. And calculating 
according to our hypotheses we find the sun’s true position at this time to be 
28°18’ within the Archer; and find the moon’s mean position to be 24°20’ 
within the Twins, but true position to be 28°17’, since according to its anom, 
alistic cycle it is 227°43’ from the epicycle’s apogee. 

Again, he says, the next eclipse occurred in the Athenian magistracy of 
Phanostratus in the month of Scirophorion, but Egyptianwise Phamenoth 24-25. 
And the moon was eclipsed, he says, on the side of the summer rising point at 
the end of the first hour of the night. Now, this date is the year 366 of Nabonas- 
sar, Phamenoth 24-25, at most 5!4 seasonal hours before midnight. But when 
the sun is at the extremity of the Twins, the night-hour in Babylon is 12° equa- 
torial time. Therefore 51% seasonal hours make 42s equatorial hours, and the 
beginning of the eclipse occurred 73% equatorial hours after midday of Phame- 
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noth 24. But since the whole eclipse is recorded as having lasted 3 hours, the 
middle of the eclipse evidently occurred 9149 equatorial hours after midday. 
In Alexandria, therefore, it must have occurred very nearly 814 equatorial hours 
after midday. And again the time from the epochs to the middle of the eclipse is 
365 Egyptian years, 203 days, and 814 equatorial hours simply considered, but 
7+14+% hours accurately considered. And we find the sun’s true position at 
this time to be 21°46’ within the Twins; and the moon’s mean position to be 
23°58’ within the Archer, but true position 21°48’, since according to its anom- 
alistic cycle it is 27°37’ from the epicycle’s apogee. And the interval from the 
first to the second eclipse comes to 177 days and 1334 equatorial hours, and 
173°28’ of the sun’s movement, while Hipparchus proceeded as if the interval 
were 177 days and 13+14+)4 equatorial hours, and 1727%° of the sun’s move- 
ment. 

And he says the third eclipse occurred in the Athenian magistracy of Evan- 
drus on the first day of the month of Poseideon, Egyptianwise Thoth 16-17. And 
the eclipse, he says, was total, beginning from the direction of the summer rising 
point at the end of the fourth hour of the night. Now, this date is the year 367 
of Nabonassar, Thoth 16-17, at most 244 hours before midnight. But when the 
sun is about two-thirds the way within the Archer, the night-hour in Babylon is 
nearly 18° equatorial time. Therefore 214 seasonal hours make 3 equatorial 
hours. And so the beginning of the eclipse occurred 9 equatorial hours after mid- 
day of Thoth 16. But since the eclipse was total, the whole time of the eclipse 
was very nearly 4 equatorial hours, and the middle of it was evidently 11 hours 
after midday. In Alexandria, therefore, the middle of the eclipse must have oc- 
curred 101% equatorial hours after midday of Thoth 16. And the time from the 
epochs to the middle of this eclipse is 366 Egyptian years, 15 days, and again 
104% equatorial hours simply considered, but 9+14+14 hours accurately con- 
sidered. At this time we find the sun’s true position to be 17°30’ within the 
Archer; and the moon’s mean position 17°21’ within the Twins, but its true posi- 
tion 17°28’ because, according to its anomalistic cycle, it is 181°12’ from the epi- 
cycle’s apogee. And the interval from the second to the third eclipse comes to 
177 days and 2 equatorial hours, and 175°44’ of the sun’s movement, while Hip- 
parchus again assumes the interval to be 177 days and 124 hours, and 175°8’ of 
the sun’s movement. 

Now, in his calculations of the intervals he appears to have made an error, in 
the case of the days, of 4% equatorial hour and 14 equatorial hour; and, in the 
degrees of the sun’s movement, to have made an error of very nearly 34° in each 
of them. And this is enough to exclude just a chance disagreement in the quan- 
tity of the ratio. . 

And next we shall pass to the three later eclipses set out by him, which he says 
were observed in Alexandria. He says the first of these occurred in the year 54 of 
the Second Callippic Period, Egyptianwise Mesore 16, in which the moon began 
to be eclipsed 1% hour before rising and returned to its full size in the middle of 
the third hour. Therefore the mid-eclipse occurred at the beginning of the second 
hour or 5 seasonal hours before midnight, and about as many equatorial hours 
since the sun was near the end of the Virgin. And so the middle of the eclipse oc- 
curred in Alexandria 7 equatorial hours after midday of Mesore 16. The time 
from the epochs in the year 1 of Nabonassar is 546 Egyptian years, 345 days, 
and 7 equatorial hours simply considered, but 614 hours accurately considered. 
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And again we find that at this time the sun’s true position is 26°6’ within the 
Virgin; and the moon’s mean position 22° within the Fishes, and its true position 
26°7' because, according to its anomalistic cycle, it is 300°13’ from the epicy- 
cle’s apogee. 

The next eclipse occurred, he says, in the year 55 of the same period, Egyp- 
tianwise Mechir 9; and it began after the night had run 514 hours, and the eclipse 
was total. Therefore the beginning of the eclipse occurred 1114 equatorial hours 
after midday of Mechir 9, since the sun was now near the end of the Fishes. And 
the middle of the eclipse was 1314 equatorial hours after midday since the e- 
clipse of the moon was total. The time from the epochs to the middle of the 
eclipse is 547 Egyptian years, 158 days, and very nearly 1314 equatorial hours 
both simply and accurately computed. Likewise we find that at this time the 
sun’s true position is 26°17’ within the Fishes; and the moon’s mean position 
1°7’ within the Balance, and its true position 26°16’ within the Virgin, since ac- 
cording to its anomalistic cycle it is 109°28’ from the apogee. And the interval 
from the first to the second eclipse comes to 178 days and 6+144+)% equatorial 
hours, and 180°11’ of the sun’s movement, while Hipparchus proceeded as if the 
interval were 178 days and 6 equatorial hours, and 180°20’ of the sun’s move- 
ment. 

And he says the third eclipse occurred in the same year 55 of this Second Peri- 
od, Egyptianwise Mesore 5; and it began after the night had run 624 hours, and 
the eclipse was total. The middle of the eclipse, he says, occurred at about 814 
hours in the night, that is 214 seasonal hours after midnight. But when the sun 
is about the middle of the Virgin, the night-hour in Alexandria is 1424° equa- 
torial time. Therefore the 214 seasonal hours make very nearly 214 equatorial 
hours. And so the middle of the eclipse occurred 1414 equatorial hours after 
midday of Mesore 5. Again the time from the epochs to the middle of this eclipse 
is 547 Egyptian years, 334 days, and 1414 equatorial hours simply considered, 
but 13+144+4 accurately considered. And we find that the sun’s true position 
at this time is 15°12’ within the Virgin; and the moon’s mean position 10°24’ 
within the Fishes, but true position 15°13’, since according to its anomalistic cy- 
cle it is 249°9’ from the epicycle’s apogee. And the interval from the second to 
the third eclipse comes to 176 days and % equatorial hour, and 168°55’ of the 
sun’s movement, while Hipparchus again assumes this interval to be 176 days 
and 114 equatorial hours, and 168°33’ of the sun’s movement. 

Therefore it here appears that in the degrees of the sun’s movement he has 
made an error of very nearly (44+ %)°, and an error in days of very nearly 4+ 
14+ 40 equatorial hour. These errors can work an appreciable difference in the 
ratio of the hypothesis. 

Now we have seen the cause of this disagreement. We have alo seen that with 
still more confidence we can use the ratio of anomaly demonstrated by us for the 
moon’s syzygies, for their eclipses are found likewise to agree most completely 
with our hypotheses. 
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1. ON THE CONSTRUCTION OF THE ASTROLABE 


WE now find that the hypothesis set up with reference to the first and simple 
anomaly is sufficient for the moon’s syzygies with respect to the sun, both the 
synodical and the plenilunar, as well as for the eclipses which accompany them, 
even if we take this anomaly by itself. But, as regards the particular passages of 
the moon’s other positions relative to the sun, it would not be found sufficient. 
For, as we said, a second anomaly of the moon is discovered relative to its 
elongations from the sun, an anomaly which is reduced to the first at the syzy- 
gies, and is greatest at the first and third quarters. We were brought to this ex- 
amination and opinion by the courses of the moon observed and recorded by 
Hipparchus, and by those we ourselves obtained with an instrument we con- 
structed for this purpose. And here is the kind of thing it is. 

We take two circles accurately turned with four perpendicular surfaces each, 
similar in magnitude, and in every way equal and similar to each other. And we 
fit them at right angles to each other with a common diameter, so that one of 
them is conceived to be the ecliptic and the other becomes the meridian through 
the poles of the ecliptic and of the equator [solstitial colure]. On this circle we 
take, with the side of the inscribed square, the points defining the poles of the 
ecliptic, and we place at both of them pivots projecting from the inside and out- 
side surfaces. And on the outside pivots we place another circle having its con- 
cave surface exactly touching everywhere the convex surface of the circles al- 
ready fitted together, and able to revolve in longitude about these poles of the 
ecliptic. Likewise on the inside pivots we place another circle having its convex 
surface everywhere exactly touching the concave surface of the two circles and 
likewise revolving in longitude about the same poles as the outside circle. Now, 
dividing this inside circle and the one used for the ecliptic each into the usual 
360 parts and these in turn into as many parts as practicable, we fit in under the 
inner circle another little circle with diametrically opposite projecting sights. 
And we fit it in so that it can move in the same plane with this inner circle with 
respect to each of the poles, for latitudinal observations. With this done, on 
the circle we supposed through both sets of poles, we lay off, from each of 
the ecliptic’s poles, the arc we computed to lie between the ecliptic’s poles 
and the equator’s. We place the limits of these arcs diametrically opposite 
each other on the meridian like that exhibited in the beginning of this treatise 
relative to the observations of the meridian arc between the tropics, so that, 
when this meridian has been placed in the same position (in other words 
when it has been placed perpendicular to the plane of the horizon and in 
accordance with the height of the pole of the place in question and parallel 
to the plane of the natural meridian) then the inner circles may move about 
the equator’s poles from east to west in accord with the prime movement of 
the universe. 
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Now, arranging the instrument in this way, whenever 
could appear together above the earth, we placed the outside 
labe as nearly as possible at the sun’s degree at that hour. A 
colure until, with the intersection of the circles at the sun’s 
cisely to the sun itself, the two circles, the ecliptic and th 
poles, obscured each other; or, if it were a star being sighted, 
placed at one side of the outside circle, already correctly arra 
proper section of the ecliptic, the star as if stuck to both su 
the opposite side in the plane through both circles. We move 
side circle of the astrolabe towards the moon or any other s 
until, simultaneously with the sun or star in question, the m 
be examined is lined up with both sights of the little circle f 
side circle. 

In this way, we find out, from the inside circle’s intersect 
the circle corresponding to the ecliptic, what longitudinal se 
they occupy and how many degrees distant they are either ni 
circle through the ecliptic’s poles. And this last reading is ma 
division of the inner circle, from the interval between the r 
sight of the little circle fitted under it and the ecliptic. 


2. ON THE HYPOTHESIS OF THE Moon’s DOUBLE 


Now, with this kind of observation, the moon’s distances 
sun, both those recorded by Hipparchus and those observec 
at times to agree with the calculations made according to the 
advanced, and at other times to disagree and differ, somet 
times a great deal. With a continuously greater and more n 
of our own, we learned concerning the order of this irregula 
conjunctions and full moons there was either little or no appr 
and only such as the moon’s parallaxes could account for; anc 
the first and third quarters, there is very little or no discrepa 
is at the epicycle’s apogee or perigee, but the most when th 
courses effects the greatest difference of first anomaly. We f{¢ 
ever of the two semicircles the first anomaly is subtractive, ‘ 
is found to be advanced even less than the result of this first 
but, when it is additive, it is likewise found to be more 
occurs in proportion to the magnitude of the first addition 
this order we see at a glance that it 1s necessary to suppose | 
is borne on an eccentric circle with its apogee at the conjuncti 
and its perigee at the first and third quarters. And this woulc 
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eccentric circle, which is taken in this same plane always beariny 
centre, and turning it from east to west at a speed equal to the 
the moon’s elongation from the sun over the latitudinal moveme! 
excess of the moon’s mean longitudinal movement over the sun 

And so, for example, in one day the epicycle’s centre appears 
nearly 13°14’ in latitude from west to east, traversing 13°11! ir 
cause of the oblique circle’s retrogression of the 3’ excess from ea: 
in turn the eccentric’s apogee is rotated in that same opposite 
east to west 11°9’, by which amount 24°23’ (double the moon’s « 
ceeds 13°14’. Thus, because of the two movements’ retrogression 
direction about the ecliptic’s centre, as we said, the movemen: 
epicycle’s centre will differ from that of the eccentric’s by the a 
13°14’ plus 11°9’, which is very nearly double the 12°1114' of 1 
Therefore the epicycle will traverse the eccentric circle’s circumf 
a mean month’s time, and its return to the eccentric’s apogee Is a 
place at mean conjunctions and full moons.! 

But to see the details of the hypothesis more thoroughly, aga 
conceived the circle ABCD concer 
ecliptic and lying in the moon’s obliqt 
E as centre and AEC as diameter. At 
suppose the point A to be the ecce 
the epicycle’s centre, the northern lit 
ning of the Ram, and the mean sun. 

Then, I say, in one day’s course tl 
moves from east to west, or from A t¢ 
lv 3’ about centre Z, so that the no: 
comes to be 29°57’ within the Fishes. 
the two contrary regular movements 
straight line similar to HA again abot 
tic’s centre, I say that, likewise in a 
| the straight line similar to LA throt 
tric’s centre and revolving westward at a regular speed to ED | 
centric’s apogee to D, describes the eccentric circle DG about 
makes an arc AD of 11°9’; but that the straight line through the ep 
revolving about £, this time eastward, at a regular speed to HB? « 
cycle’s centre to G and makes an are AB of 13°14’. And so G, the: 
tre, appears to be 13°14’ in latitudinal movement distant from 


1The mean conjunctions and full moons or mean syzygies are the conjunct 
tions of the centre of the moon’s epicvcle and the mean sun. 
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limit A; but 13°11’ within the Ram in longitude, because the 
29°57’ within the Fishes; and to be 24°23’, the sum of arcs 
the eccentric’s apogee, which is double the daily movemen‘ 
In this way, since the two movements together throug 
make a complete return to each other in half a mean month 
that in a quarter or three quarters of a mean month’s time 
directly opposite each other—that is, at the first and third | 
mean movement—and that, when the epicycle’s centre a 
opposite the eccentric’s apogee along ED it will be at the ec 
It is clear that, with things thus disposed, as regards the e 
dissimilarity of ares DB and DG there is no difference in the 
since the straight line EB, because of its rotation about E 
centric’s centre, traverses at a regular speed, not arc DG of 
but are DB of the ecliptic. But only as regards the difference 
itself will there be a change. For the epicycle when nearer the. 
crease the anomalistic difference, the additive equally with 
angle at the eye intercepting it being made greater in positior 
There will be no general difference, then, for the first hy; 
epicycle’s centre is at the apogee A. This happens at mean ce 
moons. | 
For if we draw the epicycle MN about A, the ratio of AE 
as that demonstrated by means of eclipses. And the 
difference will be greatest when the epicycle is pass- 
ing G’, theeccentric’s perigee—as, forexample, the one 
drawn through the points X and O. This occurs at 
the first and third quarters considered in terms of 
mean movement. For the ratio of XG to GE is 
greater than all those constructed at the other posi- 
tions, since XG, the epicycle’s radius, is always 
equal and the same, and the line #G from the earth’s 
centre is less than all the others drawn to the ec- 
centric circle. 


3. ON THE SIZE OF THE Moon’s SoutaAR ANOMALY 


To see, then, how much the greatest anomalistic 
difference comes to when the epicycle happens to be 
borne at the eccentric’s perigee, we observed those | 


of the moon’s elongations sighted with the sun in 


} 
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tions, we sighted the sun and moon in the year 2 of Antonine, I 
Phamenoth 25, after sunrise, or 514 equatorial hours before noon. | 
sighted (18+14+14)° within the Water Bearer and the point 14 
Archer culminating, the moon’s apparent position was 924° within t 
and its true position was the same, since in Alexandria, when the m 
first part of the Scorpion very nearly 1 V4 hours west of the meridiar 
display an appreciable parallax in longitude. The time from the e 
year 1 of Nabonassar to this observation is 885 Egyptian vears, 2 
18-++?5+-74 equatorial hours, both simply and accurately considerec 
sponding to this amount of time we find the sun’s mean position 
within the Water Bearer, and its true position 18°30’ which agn 
sighting of the astrolabe. From the first hypothesis, the moon at 
found to be 17°20’ within the Scorpion in mean longitude, so tk 
elongation from the sun is very nearly a quadrant, and in anomal 
from the epicycle’s apogee, near which the greatest anomalistic d 
curs. Therefore, the true course was less than'the regular one by 72 
the first anomaly’s 5°. 

Again, in order to have before us the difference in like cases from : 
observed by Hipparchus, we shall first set out one which he says he 
the year 50 of the Third Callippic Period, Egyptianwise Epiphi 1 
first hour having passed. Now the course, he says, was mean.! And > 
sighted (8-+14+142)° within the Lion, the moon’s apparent positic 
within the Bull, and its true position was very nearly the same. T 
moon’s true elongation from the sun was 86°15’. But when the sun i 
part of the Lion, in Rhodes where the observation occurred, the 
171° in time. Therefore the 514 seasonal hours before noon make 61 
hours, so that the observation occurred 64% equatorial hours bet 
Epiphi 16 with the point 9° within the Bull culminating. Consequer 
from the epochs to this observation totals 619 Egyptian years, 31 
17+4%+ 4% equatorial hours simply considered, but 17-+14+)4 acc 
sidered. And according to our hypotheses (since the meridian thro 
is the same as that through Alexandria), for this amount of time 
sun’s mean position to be 10°27’ within the Lion, but its true pc 
8°20’. And we find the moon’s mean longitudinal position to be 4°2: 
Bull so that its mean elongation from the sun is again nearly a quad 
anomaly is 257°47’ from the epicycle’s apogee, very near which the 
ference of epicyclic anomaly occurs. Therefore, the distance from 
mean position to the sun’s true position totals 93°55’. But the moon 
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4. ON THE LUNAR CiRCLE’sS Ratio oF EccENTRICITY 


Now this being so, let there be the moon’s eccentric circle ABC about D as 
centre and ADC as diameter. And on this diameter 
let E be taken as the ecliptic’s centre so that A is 
the eccentric’s apogee and C’ its perigee. And let 
there be drawn the moon’s epicycle FGH with cen- 
tre C’, and let the tangent EHB be drawn to it, and 
let CH be joined. 

Then, since the greatest anomalistic difference is 
produced on this tangent of the moon’s epicycle 
(this being shown to total 724°), therefore, being at 
the ecliptic’s centre, 

angle CEH =7°40’ 
= 15°20’ to 2 rt. 
And therefore, on the circle about right triangle 
CEH, 


A 


are CO Hesi1 5°20 
chord CH = 16° 
where 
hypt. CH =120?. 

And so CE, the line from the ecliptic’s centre to the eccentric’s perigee, will 
also be 39°22’ to the already-demonstrated 5°15’ of the epicycle’s radius and the 
60° of AZ, the line from the ecliptic’s centre to the eccentric’s apogee. And, 
therefore, the whole diameter AC will be 99°22’, the eccentric’s radius AD 
49°41’, and DE the line between the centres of the ecliptic and eccentric 10°19’. 
So we have shown the ratio contained by the eccentricity.! 


5. ON THE INCLINATION OF THE Moon’s EpicycLE 


Now this number of circles would be added to the hypotheses for an explana- 
tion of the appearances at the syzygies and again at the first and third quarters. 
But from a consideration of the particular courses where it is either crescent or 
gibbous and when its epicycle is between the eccentric’s apogee and perigee, in 
the case of the moon we find a peculiar incident concerning the epicycle’s in- 
clination. For in general it is necessary to suppose one and the same point on 
epicycles with respect to which the returns of the movements on them are ac- 
complished. We call this the regular apogee from which we begin the numbers 
of the epicyclic movement, as the point F in the preceding figure; and this point 
is determined by the line of centres, such as DEC, when the epicycle is at the 
apogees and perigees of the eccentric circles. Now, for all the other hypotheses, 
we see absolutely nothing in the appearances contrary to this supposition: that 
the diameter through the epicycle’s apogee (FCG, for instance) always and in 

1From this theory of eccentricity it follows that the moon’s distance from the earth varies 
by as much as 34 to 65, or nearly 1 to 2. And since, for small angles, the tangents are nearly 
proportional to the angles, the size of the moon’s diameter (as Copernicus points out in. 
Chapter 2 of Book IV, On the Revolutions of the Heavenly Spheres) will vary as 1 to 2. But ,by 
observation, this is not true. The diameter varies very nearly as 55 to 65, just as the epicylic 
theory without the eccentric theory allows. Hence at this point the Ptolemaic theory, in sav- 
ing the appearances of the angular distances, is unable to save the appearances of the diame- 
ter’s variations. 
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the other courses of the epicycles keeps the same direction as the line which re- 
volves the epicycle’s centre at a regular speed (in this case EC’); and that, con- 
sequently, it always points to the centre of revolution at which in equal times 
are intercepted the equal angles of the regular movement. 

But in the case of the moon, the appearances are opposed to the epicyclic 
diameter, FG’s being inclined towards EH the centre of revolution and keeping 
the same direction as HC in the passages between A and C. True enough, we 
find it, always pointing to one and the same point on the diameter AC; not to 
the ecliptic’s center Z nor to the eccentrie’s center D, however, but to the point 
the same distance from & on the same side of the eceentric? s perigee as DE, the 
line between the centres.! 

Again we.shall show this is so by choosing from several observations two 
which can bring this to light most efficiently—that is, two observations where 
the epicycle was in the. mean distances, and the moon either at the epicycle’s 
perigee or apogee. For it is in such passages that the greatest difference in these 
inclinations occurs. 

Hipparchus writes that he observed the sun and moon with instruments in 
Rhodes, in the year 197 after Alexander’s death, Egyptianwise Pharmouthi 11, 
at the beginning of the second hour. And he says that, with the sun sighted 
(7+14+14)° within the Bull, the apparent position of the moon’s centre was 
2124° within the Fishes, and its true position (21+14+1)%)° within the Fishes. 
Therefore, at that time, the true moon’s eastern elongation from the true sun 
was very nearly 313°42’. But since the observation occurred at the beginning 
of the second hour or very nearly 5 seasonal hours before noon of Pharmouthi 
11, and since in Rhodes at that time the seasonal hours were equivalent to very 
nearly 524 equatorial hours, therefore the time from our epoch to this observa- 
tion totals 620 Egyptian years, 219 days, and 1814 equatorial hours simply con- 
sidered, but only 18 hours accurately considered. Corresponding to this time, 
we find the regular sun’s position to be 6°41’ within the Bull, but the true sun’s 
position to be 7°45’; and the regular moon’s longitudinal wesiéton to be 22°Is’ 
within the Fishes, and in anomaly the moon to be 185°30’ from the epicycle’s 
mean apogee.” And so the regular moon’s elongation from the true sun totals 
314°28’. 

Now all this being granted, let ABC be the moon’s eccentric circle with centre 


1Again in Chapter 2 of Book IV, On the Revolutions of the Heavenly Spheres, Copernicus 
sharply criticises this third lunar anomaly where the regular movement of the moon on the 
epicycle is no longer tied to the regular movement of the epicycle on its deferent. For the 
result of this contriving of movements is that the moon moves irregularly about the epicycle’s 
centre. Copernicus says that the initial violation of the strict principle of celestial mechanics, 
with respect to the epicycle’s movement on its deferent, necessitates this further irregularity. 

But Ptolemy might well reply that even if these movements, so contrived, turn out to 
move the stars on their epicycles irregularly with respect to the centres of the epicycles, and 
the epicycles irregularly with respect to the centres of their deferents, yet these irregular 
movements are such as can be computed and mastered by means of circles and regular move- 
ments, and this is all that is necessary. 

*The apparent apogee and apparent perigee are those defined in the normal way, by a 
straight line through the epicycle’s centre and the ecliptic’s centre, or the earth. The mean 
apogee and mean perigee are those defined in another regular way to fit the particular ap- 
pearances. As Ptolemy says, in the case of the moon, they are defined by a line through the 
epicycle’s centre and a point on the line of apsides other than the earth. It is evident that the 
apparent and mean apogees coincide at the quarters and syzygies. Furthermore, the apparent 
and regular apogees always coincide in the case of the moon. 
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D and diameter ADC, on which let 
there be the ecliptic’s centre £. 
And with B as centre let the moon’s 
epicycle FGH be drawn. Let the 
epicycle be revolved eastward as 
from B to A, and let the moon be 
revolved on the epicycle from F’ to 
G and H, letting DB and EHBF be 
joined. 

Now, since a mean lunar month’s 
time embraces two returns of the 
epicycle with respect to the eccen- 
tric, and since in the foregoing po- 
sition the mean moon was 315°32’ 
from the mean sun, it follows that 
if we double this amount and sub- 
tract a complete circle we shall. acer 
have, for that time, the epicycle’s distance of 271°4’ eastward from the eccen- 
tric’s apogee. And so, by subtraction, : 

angle AEB =88°56’. 
Then let DK be drawn from D perpendicular to BE. 
Now, since 


angle DEB =88°56’ 
=177°52! to 2 1t5 
therefore also, on the circle about right triangle DEK, 
are DIC = 177952" 
and, by subtraction from the semicircle, 
| arc EK =2°8’. 

And therefore | 
| chord DK = 11959’, 
chord HK = 2°14’ 

where 

diam. DE = 120°. 
And therefore: 
DK = 10°19’, 
EK =0°12’ 
where again 
1. betw. c. DE = 10°19 


and 
ecc. rad. BD =49°P41’. 
And since 
sq. BD-—sq. DK =sq. BK, 

therefore 

BK =48°36’, 
and, by addition, 

BE = 48°48’. 


Again, since the mean moon’s elongation from the true sun was 314°28’, and 
in the observation the true moon’s elongation from the true sun was 313°42’ so 
that the moon’s anomalistic'difference subtracts 46’, and since the moon’s regu- 
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lar course is sighted along the line HB, therefore let the moon be supposed at the 
point G, for it was near the epicycle’s perigee. And with EG and BG joined, let 
BL be drawn from B perpendicular to EG produced. 

Since it contains the moon’s anomalistic difference, 

angle BEL =0°46’ 
= 1°32’ to 2rt 
And so also, on the circle about right triangle BEL, 
are BU=l "3a: 
chord BL= 1°36’ 


where 
hypt. BE =120e. 
And so 
BL=0°39’ 
where 
BE =48»48' 
and 


epic. rad. BG = 5°15’. 
And therefore 
BL=14?52’ 

where 

epic. rad. BG = 120°. 
And, on the circle about right triangle BGL, 

are BL =14°14’. 
And so 
angle BGL = 14°14’ to 2 rt., 


and, by subtraction, 
angle BBG = 12°42" to. 2 rt. 
= 6°21" 
Therefore, on the epicycle, 
are GH = 6°21’ 
which is the distance from the moon to the true perigee. 

But since the moon, at the time of the observation, was 185°30’ distant from 
the epicycle’s mean apogee, it is evident that the mean perigee precedes the 
moon or point G. Let it be MW, and let BMN be drawn and EX from EF perpen- 
dicular to it. 

Then, since it was shown 

ATC (7 =O. 
and it is assumed 
are GM =5°30' 
from the perigee so that, by addition, 
are HM =J31°51’, 
therefore 
angle EBX =11°51’ 
= 123 AQ or rt 
And so also, on the circle about right triangle BEX, 
are HX = 23°42’; 
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chord EX = 24°39’ 
where 
hypt. BE = 120°. 
And therefore 
EX = 10°2’ 
where 
BE =48>48’. 
Again, since 
angle AEB =177°52’ to 2 rt. 
and 
angle EBN = 23°42’ to 2 rt., 
therefore, by subtraction, 
angle ENB=154°10’ to 2 rt. 
And so also, on the circle about right triangle EN X, 
arc HX =154°10’; 
chord EX =116°58’ 
where 
hypt. BN = 120P. 
And therefore 
EN = 10°18’ 
where 
EX =10?2’ 
and 
1. betw. c. DE =10°19’. 
Therefore, the inclination of the straight line B17 through the mean perigee to 
N cuts off EN very nearly equal to DE. 

Likewise—to show that the same thing occurs also for the opposite parts of 
the eccentric and epicycle—we have again taken from among the intervals ob- 
served by Hipparchus in Rhodes, as we said, the one sighted in the same year 
197 after Alexander’s death, Egyptianwise Payni 17, at 914 hours. At that time, 
he says, with the sun sighted 10% 0° within the Crab, the moon’s apparent po- 
sition was about 29° within the Lion. And this was its true position also, since 
in Rhodes towards the end of the Lion, at very nearly one hour after noon, the 
moon does not display a parallax in longitude. Therefore, at that time, the true 
moon’s eastern elongation from the true sun was 48°6’. But since the observa- 
tion occurred 314 seasonal hours after noon of Payni 17, and in Rhodes at that 
date these came to very nearly 4 equatorial hours, the time from this observa- 
tion to our epoch is 620 Egyptian years, 286 days, and 4 equatorial hours simply 
considered, but 324 hours accurately considered. Likewise corresponding to this 
time we find the regular sun’s position to be 12°5’ within the Crab, but the true 
sun’s position 10°40’; and the regular moon’s position in longitude to be 27°20, 
within the Lion so that the regular moon’s elongation from the true sun totals 
46°40’, in anomaly the moon being 333°12’ from the epicycle’s ean apogee. 

Now, with these things granted, again let there be the moon’s eccentric circle 
ABC with centre D and diameter ADC on which let £ be taken as the ecliptic’s 
centre. And let the moon’s epicycle FGH be described about the point B, and 
let DB and EHBF be joined. 

Since, then, double the moon’s mean elongation from the sun contains 90°30, 
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therefore for reasons already given 
angle AEB =90°30’ 
= 181° todd MH 
Therefore if we extend the line BE 
and drop DK from D perpendicular 
to it, then, as supplement, 
angle DEK =179° to 2 rt. 
And so also, on the circle about 
right triangle DEK, 
are’ Dil io 
and, as remainder of the semicircle, 
ate Lig 
And therefore 
chord DK =119°59’, 
chord EK =1°3’ 


where 
hypt. DE = 120°. 
And so 
DK = 10°19’, 
EK =0°5’ 
where 
1. betw.c. DE = 10°19’, 

ece. rad. BD =49P41’, 

And since 


sq. BD—sq. DK =sq. BK, 
we shall have 
BK = 48°36! 
and, by subtraction, 
BE =48°31'. 

Again, since the regular moon’s elongation from the true sun was 46°40’, but 
the true moon’s elongation was 48°6’ (so that the anomalistic difference has 
added 1°26’), let the moon, since it was near the epicycle’s apogee, be supposed 
at point G. And with HG and BG joined, let BL be drawn from B perpendicular 
to HG. 

Since, then, 

angle BEL = 1°26’ 
: = pas to 2 rt. 
therefore also, on the circle about right triangle BEL. 
att, la 2 ple 
chord BL = 2°59’ 
where 
hypt. BE =120?. 
And therefore 
BL = 1°82 
where 
BE =48°31' 
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and 
epic. rad. BG = 5°15’. 
And so 
BL =A oe 
where 


hypt. BG = 120°; 
and, on the circle about right triangle BGL, 
arc BL=26°34’ 
And therefore 
angle BGL = 26°34’ to 2 rt., 
and, by addition, 
angle FBG = 29°26’ to 2 rt. 
= 147454 
Therefore, on the epicycle, 
are FG = 14°43’, 
which is the moon’s distance to the true apogee. 

But since at the time of the observation the moon was 333°12’ from the mean 
apogee, if we suppose the mean apogee at M and, joining MBN, drop EX from 
E perpendicular to it, then Liza 

arc GF M = 26°48’ 
the rest of the circle, and, by subtraction, 

are FM = 12°5’. 
And so 

angle MBF =angle EBX =12°5’ 
= 24°10’ to 2 rt. 

And also, on the circle about right triangle BEX, 

are AX = 24°10’; 

chord HX =25°7' 


where 
hypt. BE =120?. 
And therefore 
EX =10°8’ 
where 
BE =48°31’ 
and 


1. betw. c. DE =10P19’. 
Again, since it is assumed 
angle AEB =181° to 2 rt., 
and it was proved 
angle HBN =24°10’ to 2 rt. 
so that by subtraction 
angle ENB =156°50’ to 2 rt., 
therefore also, on the circle about right triangle EN X, 
arc HX =156°50’; 
chord EX = 117°33’ 
where 
hypt. EN =120°. 


EE ee EE EEE EOE EEE EE EE LT ee 
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And therefore 
EN = 10°20’ 
where 
EX = 10°8’ 
and 
1. betw. c. DE=10°19’. 
Therefore the inclination of the straight line 7B through the mean apogee 
to N has again cut off EN very nearly equal to DE, the line between the centres. 
From several other observations we find that very nearly the same ratios re- 
sult, so that in this way the property of the epicycle’s inclination in the moon’s 
hypothesis is established. For on the one hand the revolution of the epicycle’s 
centre takes place about the ecliptic’s centre H; on the other hand the epicycle’s 
diameter which defines the epicycle’s mean-apogee point no longer points to £, 
the centre of regular rotation, as for the other stars, but always points to N on 
the other side of E from D at a distance equal to DE, the line between the 
centres. 


6. How THE Moon’s TRUE CourRSE IS GOTTEN GEOMETRICALLY 
FROM ITs PERIODIC MOVEMENTS 


With these things demonstrated, it would be proper next to add how, for par- 
ticular courses of the moon, by fakitie the epochs of the mean movements we 
could find, from the Ulorigationtnumber and the moon’s epicyclic number, the 
addition or subtraction to the mean longitudinal course due to the anomalistic 
difference. This determination is gotten geometrically from theorems like those 
we have already expounded. 

For example, in the case of the last figure we gave, let us suppose the same 

periodic movements of elongation 
A and anomaly—that is, for double 
the elongation, 90°30’, and for a- 
nomaly 333°12’ from the epicycle’s 
apogee. Let us draw NX perpen- 
dicular, instead of EX, and GL in- 
stead of BL. And by the same 
- means, with the angles at the cen- 
tre E given and the hypotenuses 
DE and NE given equal, it can be 
shown that 
DK = 10P19’, 
NX = 10°19’ 
where 
ece. rad. BD = 49°41’, 
epic. rad. BG =5°15’, 


and 
EK =EX =0°5.’ 
And, therefore, as we showed before, 
BK = 48°36’, 
BE =48°31’, 


and, by subtraction, 
BX = 48°20’. 
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And so, since 

sq. BX+sq. NX =sq. BN, 
we shall have in length 


BN =49°31’ 
where 
NX =10719’. 
And therefore | 
NX = 25°? 


where 

hypt. BN = 120°; 
and, on the circle about right triangle BV X, 

are NX =24°3’. 
And so also 

angle NBX =angle FBM =24°3’ to 2 rt., 
= 12°’. 
And therefore, on the epicycle, also 
P are FM =12°1'. 
But since the point G, the moon, is the remainder of the circle or 26°48’ distant 

from the mean apogee J, therefore we shall have, by subtraction, 


are FG = 14°47’. 
And so also 
angle FBG = 14°47’ 
= 29°34" to 2 ft. 
And also, on the circle about right triangle GBL, 
, are GL = 29°34’, — 
and, as remainder of the semicircle, 
are BL=150°26’. 
And therefore 
chord GL =30°37’, 
chord BL =116?2’ 


where 
hypt. BG = 120°. 
And so 
GL= 1°20’, 
BL= 55> 
where 


epic. rad. = 5°15’ 
and where it was proved 
BE=48°31'. 
And therefore, by addition, 
EBL=53°36' 
where 
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GL = 1°20’. 
And again since 
sq. H6L+sq. GL=sq. EG, 
therefore, we shall have in length 
EG = 53P37'. 
And so 
GL=B50! 
where 
hypt. EG =120?; 
and; on the circle about right triangle EGL, 
arc GL =2°52’: 
And therefore, as the anomalistic difference, 
angle GEL =2°52’ to 2 rt. 
= 20 . 
Which it was required to show. 


7. CONSTRUCTION OF THE TABLE OF GENERAL LUNAR ANOMALY 


To have a methodical determination of the particular addition-subtractions 
set out in a table, we have again used the same geometrical figures and filled out 
the table we constructed according to the simple hypothesis, with columns 
which readily correct for the second anomaly. For after the first two columns 
containing the numbers, we have added a third column containing the addition- 
subtractions corresponding to the anomalistic number for reducing this number, 
calculated by the mean passages from the mean apogee or M7, to the true apogee 
or F. In the foregoing case of a distance between the moon and the eccentric’s 
apogee of 90°30’, we showed the arc FM to be 12°1’ so that, although the moon’s 
distance from the mean apogee was only 333°12’, its distance from the true 
apogee was 345°13’. It is with respect to this last number that the epicyclic ad- 
dition-subtraction for mean longitudinal movement must be taken. In brief, 
therefore, we have gotten the quantities of addition-subtraction, at convenient 
intervals of arc-length, for the other numbers of the moon’s distance, and we 
have put them in the third column beside the proper number. 

The fourth column contains the anomalistic differences due to the epicycle 
and already set out; here the greatest addition-subtraction comes to very nearly 
5°1’ according to the ratio of 60° to 5°15’. The fifth column contains the excess 
amounts of the differences resulting from the second anomaly over those from 
the first, the greatest addition-subtraction from the second totaling 724°, ac- 
cording to the ratio of 60 to 8. And so the fourth column provides for the epicy- 
cle’s position at the eccentric’s apogee near the syzygies; but the fifth column 
consists of the excess amounts gotten from the anomaly produced at the ec- 
centric’s perigee near the first and third quarters. 

To find proportionately the parts of these excess amounts corresponding to 
the passages between these two positions on the eccentric, we have added a 
sixth column containing the sixtieth part of that difference for each number of 
elongation; and this must be added to the first anomaly’s addition-subtraction 
laid out in the fourth column. And we have gotten them in this way: 
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Let there be the moon’s eccentric cir- 
cle ABC with centre D and diameter 
ADC on which let the ecliptic’s centre £ 
be taken. And with arc AB cut off and 
with the epicycle FGHK described about 
B, let EBF be drawn. By way of exam- 
ple, let the moon’s elongation be given as 
60° so that, for the same reasons already 
demonstrated, angle AEB is double the 
elongation of 120°. And let DL be drawn 
from D perpendicular to BE produced, 
and let GBKD be drawn through; let the 
straight line (in this case HMN) from 
the centre E to the moon be supposed 
tangent to the epicycle so as to have the 
greatest anomalistic difference; and let 
BM be joined. 

Now, since it is assumed 

angle AEB = 120° 
= 240° to 2 rt., 


therefore, as supplement, 
| angle DEL = 120° to 2 rt. 
And so, on the circle about right triangle DEL, 
are DL=120°, 
and, as remainder of the semicircle, 
arc HL=60°. 
And therefore 
chord EL =60?, 
chord DL = 103°55’ 


where 
hypt. DE = 120°. 
And therefore 
EL=5°10', 
DL=8°56/ 
where 
DE= 10°19’, 
BD=49°P41’. 
And 


sq. BD-sq. DL=sq. BL; 
therefore, in length, 
BEL =48°53’, 

and, by subtraction, 
; BE =43°43’ 
where 

epic. rad. BM = 5°15’. 

And therefore 
BM = 14°25’ 

where 
hypt. BE =120?; 
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and, on the circle about right triangle BEM, 
arc BM = 13°48’. 
Therefore, as the angle which contains the greatest anomalistic difference, 
angle BEM = 13°48’ to 2 rt. 

= 6°54’. 
The anomalistic difference for this distance of elongation thus differs from the 
5°1’ produced at the apogee by 1°53’. But the complete difference up to the peri- 
gee is 2°39’. And therefore the difference of 1°53’ will be 42°48’ to the greatest 
difference’s 60°. We shall put this 42°38’ in the sixth column in the row with the 
number 120° which here indicates the distance of the epicycle from the eccen- 
tric’s apogee. 

Likewise for the other sections we have calculated by the same means the 
parts so taken of the excess of one anomaly over the other, placing beside the 
proper numbers the sixtieth part of this excess corresponding to each one. And, 
of course, the whole 60 such parts have been put in a row with double the num- 
ber 90°, the elongation, for the resulting 180° is at the eccentric’s perigee. 

We have added a seventh column containing the latitudinal passages of the 
moon on a circle through the ecliptic’s poles corresponding to each part of the 
ecliptic; or, in other words, the arcs intercepted on the circle through the eclip- 
tie’s poles between the ecliptic and the moon’s oblique circle. And for this we 
have used the same proof as that by which we calculated the ares on the circle 
through the equator’s poles, and which lie between the ecliptic and the equator. 
But in this case the are on the great circle through the poles of the ecliptic and 
of the moon’s oblique circle, lying between the ecliptic and the northern or 
southern limit of the oblique circle, is very nearly 5°. For, according to both 
Hipparchus and ourselves in calculating the appearances pertaining to the 
northernmost and southernmost courses, the moon’s greatest passage was found 
to be just about that much on either side of the ecliptic. Nearly all things per- 
taining to lunar observation, considered with respect to the stars and by means 
of instruments, agree with greatest latitudinal courses of this size. And things 
to be demonstrated later will agree also. And the following is the table of general 
lunar anomaly.! 

1This table is fairly complicated and condensed, and Ptolemy’s explanation is not too clear. 
We shall here give a clearer and more analytical summary. 

In the first place, the first two columns are called ‘‘common numbers” because these num- 
bers play different roles for the different columns that follow. 

With respect to column 3, columns 1 and 2 contain the numbers of arcs on the eccentric in- 
dicating the distance of the epicycle’s centre from the eccentric’s apogee. And column 3 con- 
tains the corresponding addition-subtractions to be made in the moon’s distances from the 
epicycle’s mean apogee, in order to determine its distance from the epicycle’s true apogee. 

With respect to column 4, columns 1 and 2 contain the numbers of arcs on the epicycle in- 
dicating the moon’s distance from the epicycle’s true apogee. And column 4 contains the 
corresponding addition-subtractions in longitude and latitude which correct for the anomaly 
when the epicycle is at the eccentric’s apogee. These last numbers correspond to the addition- 
subtractions in the table of the first lunar anomaly, but they are here given their proper place 
within the general scheme of lunar anomaly. 

With respect to column 5, columns 1 and 2 again contain the numbers of arcs on the epi- 
cycle indicating the moon’s distances from the epicycle’s true apogee. And column 5 contains 
the corresponding additions-subtractions in longitude due to the second lunar anomaly when 
the epicycle is at the eccentric’s perigee, and which are over and above those due to the first 
anomaly. In other words, these are the differences between the first and general anomalies. 

With respect to column 6, columns 1 and 2 contain the numbers of arcs on the eccentric 
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9. ON GENERAL CALCULATIONS OF THE Moon 


Now whenever we wish, by means of this tabular set up, to calculate the lunar 
anomaly we take the moon’s mean movements, for the date in question in Alex- 
andria, and we take them in longitude, elongation, anomaly, and latitude in the 
way we have shown. Always doubling the first number of elongation calculated, 
and subtracting a whole circle from the product if we can, we carry the result to 
this Table of Anomaly. We then add the degrees in the third column correspond- 
ing to it to the mean degrees of anomaly, if the number doubled runs up to 180°; 
but, if it exceeds 180°, we subtract it. Again we carry the resulting true number 
of anomaly to this same table, and we note down the addition-subtraction cor- 
responding to it in the fourth column, and also the corresponding difference in 
the fifth column. 

After this we again carry the double of the number indicating the mean elon- 
gation to the same first two columns; and, as many sixtieths in the sixth column 
as correspond to it, just so many do we take of the difference from the fifth 
column which we have already noted down. We always add the result to the 
addition-subtraction we found in the fourth column. If the true anomalistic 
number is not above 180°, we subtract this sum from the mean longitude and 
latitude; but, if it is above 180°, we add it. Of the two resulting numbers we take 
the one in longitude and add it to the mean position calculated at the epoch; 
and whatever it comes out to, we shall say the moon is truly at that place. 

We carry the latitudinal number, computed from the northern limit, to this 


indicating the distances of the epicycle’s centre from the eccentrie’s apogee. And column 6 
contains the corresponding differences between the first anomaly and the general anomaly 
when the moon lies on the tangent from the earth to 
the epicycle or when the epicyclic addition-subtrac- 
tion is greatest. But these differences are here ex- 
pressed in terms of the greatest difference among 
them, which is taken as 60. It is then assumed that, for 
all practical purposes, the ratio of a difference for a 
given position of the epicycle to the greatest difference 
when the epicycle is at the eccentric’s perigee is the 
same for all positions on the epicycle. In other words, 
taking the eccentric about O and the centre of the 
ecliptic L, and drawing equal epicycles at the apogee 
and perigee, A and C, and another equal epicycle at a 
chance position B, let the tangents from # to the three 
epicycles be drawn, and let equal ares LR, 17S, and 
NT be taken from their apogees. Then Ptolemy is as- 
suming that, for all practical purposes, we can use the 
following proportion: 

angle CEF — angle AED : 

angle BEG — angle AED:: 

angle NET — angle LER : 

angle SHA — angle LER. 
Now, column 6 gives us the first ratio for different po- 
sitions of B. And therefore, knowing the differences 
between angle NET and angle LER, for different lengths of LR and TN, from column 5, we 
can find the differences between angle SEM and angle LER. 

With respect to column 7, columns 1 and 2 contain the numbers of the ares of the moon’s 
oblique circle, beginning at the northern limit and ending at the southern. And column 7 con- 
tains the corresponding numbers of arcs intercepted on circles through the poles of the eclip- 
tic, between the ecliptic and the moon’s oblique circle. 
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same table. And whatever number of degrees in latitude in the seventh column 
correspond to it, by just so many is the moon’s centre distant from the ecliptic 
along the great circle drawn through the ecliptic’s poles. If the number carried 
is in the first 15 rows, this distance is to the north of:the ecliptic; but if it isin 
the rows below, the distance is to the south of the ecliptic. The first column of 
numbers eribinhices the movement from north to bouth, and the second column 
the movement from south to north. 


10. THat No APPRECIABLE righ el ese Is faatacue AT THE SYZYGIES 
BY THE Moon’s Eccentric CiRCLE 


Now, it is reasonable for some to suspect that at times an appreciable differ- 
ence occurs at the conjunctions, full moons, and eclipses accompanying them, 
because of the moon’s eccentric circle. For the epicycle’s centre does not always 
fall exactly on the eccentric’s apogee at these periods, but can miss it to the ex- 
tent that the return of the epicycle’s centre to the eccentric’s apogee is effected 
at the mean syzygies, but true conjunctions and full moons are taken with the 
anomaly of each of the two luminaries. Therefore we shall try and show that this 
difference can produce no error worth mentioning in the appearances at the 
syzygies, even if the difference due to the circle’s eccentricity is neglected. 

For let ABC be the moon’s eccentric circle with centre D and diameter Abe 
on which let the point # be taken as 
the ecliptic’s centre and F on the side 
opposite D as the centre of epicyclic 
inclination. And with arc AB cut off 
from the apogee A, let the epicycle 
GHL be described about B, and let 
BD and GBE and also BLF be joined. 

Now, the magnitude of the anom- 
aly can differ in two ways from that 
proper to the epicycle’s position at the 
apogee A: (1) by cutting off a greater 
angle at E because of its position to- 
wards the perigee, and (2) by having 
the diameter through the mean apo- 
gee and perigee not directed to the 
center E but to the point FP’. 

The difference due to the first cause | 
is greatest when the moon’s anomalistic difference is greatest; and that due to 
the second cause, when the moon is at the epicycle’s apogee or perigee. There- 
fore it is evident that, when the difference due to the first cause is greatest, then 
that due to the aceon will be entirely negligible because the moon on the tan- 
gents to the epicycle makes very little difference in the addition-subtraction ; 
and it is evident that the true syzygy will possibly differ from the mean by as 
much as the anomalistic differences of both luminaries put together, either by 
addition or by subtraction. But when (according to the second cause) the differ- 
ence in inclination is the greatest, then the difference from the first cause is neg- 
ligible because the entire anomaly 1 is either nothing or very little when the moon 
is at the epicycle’s apogee or perigee; and the true syzygy will differ from the 
mean syzygy by the difference of solar anomaly alone. 
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(1) Then let the sun be assumed to effect the greatest addition of 2°23’, and 
also the moon itself to effect first the greatest subtraction of 5°1’ so that angle 
AEB contains 14°48’, the double of the 7°24’ of the two together. And let the 
tangent EH from £ to the epicycle be drawn, and the perpendicular BH be 
joined; and also let DM be drawn from D perpendicular to BE. 

Since, then, 

angle AEB = 14°48’ 
= 29°36’ to 2 rt., 
therefore also, on the circle about right triangle DEM, 
" are DM =29°36', 
and, as remainder of the semicircle, 
\ arc HM =150°24’. 


And 
chord DM =30°39’, 
chord EM =116?1’ 
where 
 hypt. DE =120°. 
And so | 
DM = 2°38’, 
EM =9?59’ 
where 
1. betw. c. DE = 10°19’ 
and 
ece. rad. BD =49P41’. 
And since 


sq. BD-sq. DM =sq. BM, 
therefore, in length, 
BM =49°37’, 
and, by addition, 
BME =59°36’ 
where 
epic. rad. BH = 5°15’. 
And therefore 
BH = 10°34’ 
where 
hypt. BE =120°; 
and, on the circle about right triangle BEH, 
arc BH = 10°6’. 
And therefore, as the angle of greatest anomalistic difference, 
angle BEH = 10°6’ to 2 rt. 
= 5°3’ 
instead of the 5°1’ produced when the epicycle is at the apogee A. Therefore 
from this cause the anomalistic difference diverges by 2’, which is an error of less 
than /¢ of an hour. 
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(2) Again let the moon be supposed at 
L the mean perigee, so that angle AEB 
clearly contains very nearly the double 
of the sun’s anomaly alone, that is 4°46’. 
And with EZ joined in a figure similar to 
the last, let the perpendiculars LN, DM, 
and FX be dropped from L, D, and F to 
BE produced. And, just as before, since 
angle at H=4°46’ 
= 9°32 "lO 2 Tbe 
therefore, on the circles about right tri- 
angles EDM and EFX, 
arc DM =arc FX =9°32’. 
And, as remainders of semicircles, 
arc HM =are EX = 170°28’. 
And therefore 


chord Did =chord FX =9°58’, 
chord EM =chord EX =119°35’ 


where 
hypt. DE=hypt. EF =120?. 
And so 
DM=FX =0°51’, 
EM =EX =10°17' 
where | a 
DE=EF = 10°19’ 
and ; 
ece. rad. DB =49P41’. 
And since 


sq. BD—sq. DM =sq. BM, 
therefore, in length, 


BM =49°P41’. 
And so 
BE=59°58’ 
and, by addition, 
BX =70°15’ 
where 
FX =0°51’. 


And, in the same way also, . 
hypt. BF =70°15’. 


And 
BF: FX ::BL:LN 
BF: BX ::BL: BN. 
And so 
LN =0°4, 
BN =5°15, 
and, by subtraction, 
EN =54?43’ 


where 
epic. rad. BL=5°?15’ 
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and it was proved 
BE = 59°58’. 
And since, therefore, the hypotenuse HL differs inappreciably from 54°43’, it is 
inferred that 
LN =0°8’ 
where 
hypt. HL=120°; 

and that, on the circle about right triangle ELN, 

ane LN =0°8": 
And, therefore, angle BEL, by which the moon differs because of the inclination 
to F, will also be 0°8’ to 2 right angles’ 360°, or 0°4’. 

So in this case the moon’s anomalistic difference has diverged by 4’, which 
produces no appreciable error in the appearances at the syzygies, and hardly 
amounts to 44 of an hour. And it is not extraordinary for such an error to occur 
often in the observations themselves. 

We have added all this, not because it is impossible to calculate these differ- 
ences along with the examination of the syzygies, but because there is no ap- 
preciable error for us in the proofs by means of the lunar eclipses we have set 
out, even if we have not used the hypothesis of eccentricity in the developed 
form we give it in what follows. 


11. On tHE Moon’s PARALLAXES 


Now, the means used in getting the true passages of the moon would be gen- 

erally speaking these: Since in the case of the moon it turns out that the appar- 
ent passage 1s not sensibly the same as the true passage (because, as we said, the 
earth does not have the ratio of a point to the radius of the moon’s sphere) it 
would be necessary, and consequent, both for other appearances and especially 
for those observed about the solar eclipses, to get the measure of the parallaxes 
from which one will be able to determine the passages considered. from the ob- 
server’s eye—that is, from some part of the earth’s surface—by means of the 
true passages conceived with respect to the centre of the earth and ecliptic; and, 
conversely, to determine the true passages by means of the apparent. 
- Since it is a necessary condition of this research that the particular magni- 
tudes of the parallaxes cannot be worked out without one’s having as given the 
ratio of the linear distance nor the ratio of the linear distance without some 
parallax’s being given, it is clear that in the case of those stars having no sensible 
parallax (that is, those with respect to which the earth is in the ratio of a point) 
getting the ratio of the distance would be impossible. But only in the case of 
those which display a parallax, as the moon, would it be possible to find the 
ratio of the distance by means of some first-given parallax, because a parallactic 
observation can be gotten in itself, but not the size of the distance. 

Now, Hipparchus made this examination chiefly from the sun. Since, from 
certain other incidents of the sun and moon about which we shall give an ac- 
count later on, it follows that when the linear distance for one of the luminaries 
is given the distance for the other is also given, he tries by conjecturing the sun’s 
distance to demonstrate the moon’s. He first supposes the sun to display only 
the least sensible parallax in order to get its distance. And then by means of the 
solar eclipse recorded by him, from calculations with the sun—first as if dis- 
playing no sensible parallax and secondly as if displaying a sufficient parallax— 
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he arrives at the ratios of the lunar distance, different for eac 
ses, although not only is the magnitude of the sun’s parallax 
but also whether it displays any parallax at all. 


12. ON THE CONSTRUCTION OF AN INSTRUM 
FOR DETERMINING PARALLAXES 


To record nothing unclear in this research, we built an ir 
we could observe as accurately as possible how much and | 
tance from the zenith on the great circle through the moo 
poles the moon displays a parallax. 

We made two four-sided rods, not less than four cubits 1 
divide them into a great many parts, and proportionate in c 
be bent by their length, but to be extended very true and i 
each of their sides. Then we drew straight lines on each of tk 
the wider side. At each end of one of the rods on the cent: 
square right prisms equal and parallel, each having a hole r 
middle—the one for the eye having a small hole, the one fo 
hole—so that, when an eye is placed at the prism with tl 
whole moon can appear through the other hole in a straight 

Then we bored evenly each of the rods on the centre lit 
extremities; in the case of the rod with the prisms, near th 
the prism with the larger hole. Through them both we fitted 
of the rods with the lines would be bound together as if by a 
the prisms could thus be turned in any direction without. 
rod, the one without prisms, we fixed on a base. On the cer 
we took points equidistant from the lower extremities and as 
the axle-centre, dividing the line so defined on the fixed ro 
each of these into as many as possible. And on the back of th 
extremities, we placed small prisms having their sides in the 
straight line with each other and everywhere equidistant fre 
line, so’ that the rod could be stood straight and without inc 
zon’s plane by hanging a plumb-line through them. 

Having the meridian line already established in:a plane 
zon’s, we stood the instrument upright in a shadowless place 
the rods, where they were joined together by the axle, were 
parallel to the meridian line, and so that the rod with the 
without inclination and fixed without deviation, while the 
revolved around the axle in the plane of the meridian, subje 
added also another small thin rod, fitted on straight for revc 
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until its centre was sighted through both holes at the centre of 
and marking on the fine small rod the distance between the ends 
lines on the other rods and applying it to the line of the upright 
been cut into 60 parts, we found out how many parts the chord 

has to the 60 of the radius of the circle described by the revolutic 
ian plane. And getting the arc subtended by a chord of such | 
had the are by which the moon’s apparent centre was distant f 
along the great circle drawn through the poles of the horizon an 
centre—a great circle which at that time was the same as the me 
the poles of the equator and of the ecliptic. 

For observing the moon’s greatest latitudinal passage, we v 
especially when it was at the summer tropic point and again a 
most limit of the moon’s oblique circle. This was done becaus 
points for some distance sensibly the same latitudinal passage is ¢ 
because the moon, at those times being near the zenith in the p 
andria where we made the observations, has very nearly the 
position as true position. In every case the moon’s centre was ob 
passages to-be very nearly 214% from the zenith so that, from th 
its greatest latitudinal passage on either side of the ecliptic is d 
be 5°. And this is almost exactly the difference between the 23°5 
the equator to the summer tropic point, and the 30°58’ from th 
equator in Alexandria less 214°. 

But for getting the inquiry into the parallaxes done, we again 1 
observed the moon about the winter tropic for reasons already 
cause also (being at that time away from the zenith by a simila 
the meridian) it provides a greater and more easily observed para 
many parallaxes observed by us in such passages, we shall again 
means of which we shall at once both present the manner of « 
demonstrate the other things as immediate consequences. 


13. DEMONSTRATION OF THE Moon’s DISTANCE: 


For we observed the moon culminating in the year 20 of Had 
wise Athyr 13, 5+14+14 equatorial hours after noon, as the su 
set; its centre appeared to us through the instrument at a distans 
14+1/.,)° from the zenith. The distance on the small light rod w: 
parts to the 60 parts of the radius of the circle of revolution, and 
length subtends an arc of (50+14+44+)2)°. But the time fror 
the year 1 of Nabonassar, up to this observation, is 882 Egyptian 
and 5+14+¥% equatorial hours simply considered, but 54 hc 
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circle. And the equator is 30°58’ from the zenith in Alexandria, and likewise 
south of it. Therefore the moon’s centre was truly 49°48’ from the zenith, but 
it appeared to be 50°55’ from it. Therefore the moon displayed a parallax, for 
the distance at this passage, of 1°7’ along the great circle drawn through the 
moon and the horizon’s poles, its true position being 49°48’ from the zenith. 

Now that this is clear, in the plane of the circle through the horizon’s poles 
and the moon let the following great circles 
be drawn concentric: the earth’s great circle 
AB; that through the moon’s centre at the 
observation, CD; and the circle EFGH to 
which the earth has the ratio of a point. 
And let K be the common centre of them 
all, and KACE the straight line through the 
zenith points. And let the moon’s true posi- 
tion be supposed at the point D 49°48’ from 
the zenith as in the preceding instance; and 
let KDG and ADH be joined. Moreover, 
from A, which is the observer’s eye, let AL 
be drawn perpendicular to KB, and AF 
parallel to KG. 

It is clear that the moon displays a par- 
allax of arc GH for those observing from A, 
so that 


are GH =1°7’ 

as gotten by observation. But since are FH is not appreciably greater than GH 
because of the whole earth’s being in the ratio of a point to the circle EFGH, 
therefore 

are PGH IPT ou | 
And so, again because the point A is indistinguishable from the centre with re- 
spect to circle FH, 

angle FAH =1°7’ 
= 2214 to Dirt. 
And 
angle ADL=angle FAH =2°14’ to 2 rt. 
And therefore, on the circle about right triangle ADL, 
are ADE 2a 

chord AL=2°2]’ 
where 

hypt. AD =120?. 
And DL is indistinguishably less than AD. Therefore 

DL= 120° 
where 
Al =2°21". 
Again, since it is assumed 

are CD =49°48’, 

therefore, being at the centre, 
angle CKD =49°48’. 
= 99°36’ to 2 rt. 
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And so, on the circle about right triangle ALK, 
arc AL =99°36’, 
and, as remainder of the semicircle, 
arc LK = 80°24’. 
And therefore 
chord AL=91"39’, 
chord KL=77"27’ 


where 
hypt. AK =120?. 
And so 
AL =0746’, 
Kb =Oo0" 
where, as the earth’s radius, 
Adie 
But it was shown that 
DL=120° 
where 
AL=2°21’, 
and therefore 
DL=39°6’ 
where 
AL=0°46’. 
And, of the same parts, 
KL=0°39’ 
and, as the earth’s radius, 
Ag LP. 


Therefore the whole line KLD, embracing the moon’s distance at the observa- 
tion, will be 39°45’ to the 1° of AK, the earth’s radius. 

Now that this has been shown, let there be the moon’s eccentric circle ABC 
with centre D and diameter ADC, on which 7 
let there be the ecliptic’s centre #, and th 
epicycle’s point of inclination F. With the 
epicycle GHAL drawn about the point B, 
let the straight lines GBHE, BD, and BKF 
be joined. And let the moon in this obser- 
vation be supposed at the point L. Let LE 
and LB be joined, and let line DM be drawn 
from point D, and FN from point F, both 
perpendicular to BE. 

Since, then, at the time of the observa- 
tion the number of the elongation was 
78°13’, therefore, through things already 
seen, 


A 


angle AFB =156°26’, 
and, as supplementary angles, 
angle FEN =angle DEM = 23°34’ 
= 47°8’ to 2 rt. 
And _.so, on circles about these right tri- 
angles ' 


170 PTOLEMY 


arc DM =are FN =47°8’ 
because 
DE=EF; 
and 
arc EM =are EN =132°52’. 
And therefore 
chord DM =chord FN = 47°59’ 


and 
chord EM =chord EN = 110° 
where 
hypt. DE =hypt. EF =120?. 
And so 
DM =FN =4°8’, 
EM =EN =9°27' 
where 
DE= EF = 10°19’ 
and . 
ecc. rad. BD =49P41’. 
And since 


sq. BD—sq. DM =sq. BM, 
we shall have, in length, 


BM =49°31', 
and likewise 
BE=40?4’ 
and, by subtraction, 
BN =30°37' 
where 
FN =4°?8’, 
And since 


sq. BN-+sq. FN =sq. BP, 
we shall have, in length, 
hypt. BF =30°54’. 
And so 
: FN = 162’ 
where 
hypt. BF =120°; 
and, on the circle about right: triangle BFN, 
arc FM=16°2)’. 
And therefore 
angle FBN =15°21’ to 2 rt. 
= 7°40’. 
Therefore, on the epicycle, 
arc HK =7°40’. 

Again, since the moon was 262°20’ from the epicycle’s mean apogee at the 
time of the observation, and clearly the addition to the semicircle or 82°20" from 
the mean perigee K, therefore also 

are KL =82°20’, 
and, by addition, 
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are HKL=90°. 
Therefore 
angle HBL=rt. angle. 
And so, since it was shown that 


BE= 40°4’ 
where 
ecc. rad. BD =49°41’ 
and 
epic. rad. BL=5?15’, 
and since 


sq. BL+sq. BE=sq. EL, 
we shall also have, in length, 
EL =40°25". 
©The moon’s linear distance at the observation is hence 40°25’ to the assumed 
5°15’ of the epicycle’s radius BL; to the 60° of HA, the radius from the earth’s 
centre to the eccentric’s apogee; and to the 39°22’ of EC, the radius from the 
earth’s centre to the eccentric’s perigee. 

But it was shown that the moon’s distance at the observation (that is, the 

straight line HL) was 39°45’ to the 1” of the earth’s radius. And, therefore, the 
straight line #'A or the mean distance at the syzygies is 59°; and EC or the mean 
distance at the first and third quarters is 38°43’; and the epicycle’s radius 5°10’ 
to the 39°45’ of the straight line EL, or the moon’s distance at the observation. 
Which things it was required to show. 
* And now that the moon’s distances have been shown in the manner described, 
it would next be in order to demonstrate at the same time the sun’s distance too, 
since it is readily accessible geometrically if, in addition to the moon’s distances 
at the syzygies, there should be given the magnitudes of the angles at the eye in 
the syzygies, subtended by the diameters of the sun, moon, and shadow. 


14.. ON THE MAGNITUDE OF THE APPARENT DIAMETERS OF THE Sun, Moon, 
AND SHADOW DURING THE SYZYGIES 


Of the methods for such an inquiry, we rejected all those which measure these 
luminaries by means of waterclocks or the times of equatorial ascensions, be- 
cause of the impossibility of getting what is proposed by such means. But con- 
structing ourself the four-cubit rod dioptra described by Hipparchus,! and 
making observations with it, we find the sun’s diameter everywhere contained 


1Pappus in his Commentary on Book v gives a description of the waterclock, and the follow- 
ing description of the dioptra. 

“For let there be a rod not less than 4 cubits in length and of width and thickness sufficient 
to keep the rod rigid. Let its upper lateral surface 
be conceived as the parallelogram AB. And let 
there be a groove on it along the straight line PO 
through the middle of it, so that a little block is 
easily moved as we wish along the whole length 
of the rod without falling from it. And let a suit- 
able prism CD be added on, perpendicular to the 
rod and stable, having RSD as its side toward the 
block and the straight line CH at the top of the 
prism. Let there be another suitable perpendicu- 
lar prism FG at one end of the rod, and let it have 
a small hole, not at the ied) but in the middle like Ky so that, when our eye is pihaed at it for 
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by very nearly the same angle with no variation worthy of mention resulting 
from its distances. But we find the moon’s diameter contained by the same angle 
as the sun’s, then, only when during the full moons it is at its greatest distance 
from the earth, being at the epicycle’s apogee; and not when it is at the mean 
distance as in the hypotheses of older astronomers. Moreover, we also found 
these angles a good deal smaller than those handed down, and that without 
using the measurement on the rod, but by calculating with lunar eclipses. For 
it was easy to see when each of the diameters subtends the same angle, from the 
fact that no comparative measurement is available in such a situation. But how 
large they were seemed very doubtful to us since, even when the comparison. is 
greatest in the to-and-fro movements of the covering width along the length 
from the eye to the prism, it can be off the true one. But once the moon at its 
greatest distance appeared to make an angle at the eye equal to the sun’s, by 
means of the lunar eclipses observed at that distance we calculated the angle 
subtended by the moon, and immediately we had that of the sun also. And, 
again, by two eclipses set out below, we shall render the method of this general 
theory very understandable. 

For in the year 5 of Nabopollassar (which is the year 127 of Nabensaiel: 
Egyptianwise Athyr 27-28 at the end of the eleventh hour) the moon began to 
be eclipsed in Babylon; and the greatest extent of the eclipse was 14 of the di- 
ameter from the south. Since, then, the beginning of the eclipse took place 5 
seasonal hours after yes and sah: middle very nearly 6 hours after. mid- 
night which in Babylon amounted to 5+14+14 equatorial hours because of the 
sun’s true position’s being 27°3’ within the Ram, therefore it is clear that the 
middle of the eclipse, when the greatest part of the diameter fell, within the 
shadow, took place.in Babylon 5+14+14 equatorial hours after midnight, but 
in Alexandria only 5 hours after. And the total time from the epoch amounts to 
126 Egyptian years, 86 days, and 17 equatorial hours simply considered, but in 
terms of mean solar days 16+14+14 equatorial hours. The moon’s mean longi- 
tudinal passage was thus 25°32’ within the Balance, and its true position 27°5’; 
also it was 340°7’ from the epicycle’s apogee and 80°40’ from the northern limit 
of the oblique circle. And it is evident that, when the moon’s centre (the moon 
now being near its greatest distance) is 914° along the oblique circle from the 
nodes, and when the shadow’s centre lies on the great circle drawn through the 
moon at right angles to the oblique circle in which position the greatest.obscura- 
tions take place, then a quarter of the diameter falls within the shadow. 

Again, in the year 7 of Cambyses (which is the year 225 of ‘Nabonassar, 
Egyptianwise Phamenoth 17-18 one hour before midnight) the moon was 
eclipsed in Babylon to the extent of a half of its diameter from the north. There- 
fore the eclipse also took place in Alexandria very nearly 1+!4+14 equatorial 
hours before midnight. And the total time from the epoch amounts to 224 
Egyptian years, 196 days, and 101 equatorial hours simply considered, but 9+ 
44+ hours accurately considered, because of the sun’s being 18°12’ within the 
Crab. And so the moon’s mean Ioneitugenal position was 20°29’ within the Goat, 
but its true one 18°14’; also it was 28°5’ from the epicycle’s apogee, and 262°12' 
from the oblique cirele’s northern limit. Therefore it is evident that, when the 
moon’s centre (the moon being near the same greatest distance) is 746° along 


use, the straight lines drawn from it to the moving prism CD through its side sey can con- 
tain the whole apparent diameter of the sun, touching it at its extremities.”’ 
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the oblique circle from the nodes, and the shadow’s centre has the position we 
just described with respect to the moon’s centre, one half of the moon’s diame- 
ter falls within the shadow. 

But if the moon’s centre is 944° along the oblique circle from the nodes, it is 
0°4814' from the ecliptic along the great circle drawn through itself at right 
angles to the oblique circle. And when it is 74° along the oblique circle from the 
nodes, it is 0°40’ from the ecliptic along the great circle drawn through itself 
at right angles to the oblique circle. Since, then, the difference between the two 
eclipses embraces a quarter of the moon’s diameter, and since the difference be- 
tween the two distances of its centre from the ecliptic, that is from the shadow’s 
centre, is (7-+14+14)’, therefore it is'‘evident the whole diameter of the moon 
subtends an arc of a great circle amounting to 0°3114’. 

It is immediately easy to see that the radius of the shadow at the moon’s 
greatest distance subtends 0°4024’. For, when the moon’s centre was that dis- 
tance from the shadow’s centre, it was tangent to the shadow’s circle, half of the 
moon’s diameter being eclipsed. And the shadow’s 
radius is very little less than 234 times as great 
as the moon’s radius which is 0°1524’. By means of 
several other such observations we got very nearly 
these same magnitudes, and we have used them 
for other things about eclipses. We now use one 
of them which Hipparchus also followed, for the 
demonstration of the sun’s distance to be made 
in this same way, since the circles intercepted by 
the cones on the sun, moon, and earth are not 
appreciably different from the great circles them- 
selves described ‘on those spheres and their dia- 
meters.! 


15. On THE Sun’s DisTancEe AND DEMON- 
STRATIONS RELATED THERETO 


Now that these things are given, and seeing that 
the moon’s greatest distance is 64°10’ to the 1” of 
the earth’s radius because it has been shown the 
mean distance is 59° and the epicycle’s radius 
5°10’, let us find out also how great is the sun’s 
distance. ; 

For let there be the great circles of the spheres 
in the same plane: ABC the sun’s with centre D, 
EFG the moon’s at its greatest distance with cen- 
tre H, and KEM the earth’s with centre N. Of the 
planes through the centres, let A XC be that con- 
taining the earth’s and the sun’s, and ANC that 
containing the sun’s and the moon’s. Let there be 
the common axis DH NX; and let there be the par- 
allel lines through the points of tangency, clearly 
equal to the diameters as far as the senses are con- 


1This demonstration in all its details for the case of the moon is given by Aristarchus in hig 
Treatise on the Sizes and Distances of the Sun and Moon. 
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cerned: that of the sun’s circle, ADC; that of the moon’s circle, EHG; that 
of the earth’s circle, KNM; and OPR of the shadow’s circle into which the 
moon falls at its greatest distance. And so 
HN =NP=64?10’ 
where, as earth’s radius, 
LN 21 

Then it is required to find what ratio the line DN, the sun’s distance, = 
to LN, the earth’s radius. 

Now let EGS be produced. And since we have siniverc that the moon’s 
diameter at the given greatest distance in the syzygies subtends an are 
of 0°31’20” on the circle drawn through the moon about. the earth’s centre, it 
follows that | 

angle ENG =0°31’20” 
and, as half of it, 7 
angle HNG=0°31'20” to 2 rt. 
And so, on the circle about right triangle HGN, 

arc GH =0°31’20” 

and, as remainder of the semicircle, 

arc HN =179°28/40”. 
And therefore | 

chord GH =0?32’48” 


where 

diam. GN = 120° 
and 

chord HN = 120°. 

And so also 
GH =0°17’33” 
where 
HN = 64°10’ 

and 


earth’s rad. MN = 1°. 
But since, very nearly, 
PR: GH : : 2°36’: 1, 


therefore 

PR=0?45/38”. 
Therefore 

GH+PR = 1°3/11” 
where 
MN =1?. 

But 

HS+PR=2?, 
because 

HS+PR=2MN. 
For, as we said, they are all parallel, and 
NP=4HN. 


And therefore, by subtraction, 
GS =0°?56'49” 
where 
MN =1. 
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And 
MN :GS : 7ON: 6G DN : DH. 
Therefore also 
DH =0°56/49” 
and, by subtraction, 
' HN =0?3’11” 


where 
DN =1?. 
And so we shall have also, as the sun’s distance, 
DN = 1210? 
where 
HN =64?10’ 
and 
MN =1>., 


And since likewise it was shown that 
PR=0°?45'38” 


where 
MN=\1?, 
and since 
MN:PR::NX:PX, 
therefore 


PX =0?45'38”, 
and, by subtraction, 
, NP =0°14'22” 


where 
} N MG S21} 
And therefore 
PX =203°50’, 
NX = 268? 

where 

: NP=64?10’ 
and 


earth’s rad. MN = 1?. 
Therare, to the 1 of the earth’s radius, we have concluded that the moon’s 
mean distance inthe syzygies is 59, the sun’s 1210, and from the earth’s centre 
to the vertex of the shadow’s cone 268. 


16. ON THE MAGNITUDES OF THE Sun, Moon, AND Eartu 


Furthermore, the ratio of these solid magnitudes is easily and immediately 
seen from the diameters of the sun, moon, and earth. 
For: ‘since it has been shown that 
moon’s rad. GH = 0° 17°33", 


and © 
. HN =64?10' 
where 
: earth’s rad. MN =1?, 
and since 


HN :GH::DN :CD, 
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therefore, having shown 
DN = 1210?, 
we shall also have 
sun’s rad. CD=56-. 
And, therefore, the ratios of the diameters will be the same. 

The earth’s diameter will hence be very nearly 32, and the sun’s 184%, to the 
moon’s 1. Therefore the earth’s diameter is 324 times as great as the moon’s, and 
the sun’s 184% times as great as the moon’s, and very nearly 51% times as great 
as the earth’s. Accordingly, since the cube of 1 is 1, and the cube of 324 is very 
nearly 3914, and the cube of 18% likewise very nearly 664414, therefore we have 
concluded [Eucl. XII, 18] that the earth’s solid magnitude is 3914, and the sun’s 
664414, to the moon’s 1. Therefore the sun’s solid magnitude is very nearly 170 
times the earth’s. 


17. ON THE PARTICULAR PARALLAXES OF THE SuN AND Moon 


Now, with these things supposed in this way, it would next follow that we 
show in addition and very briefly how one could compute, from the distances of 
the sun and moon, their particular parallaxes—and, first of all, those considered 
on the great circle drawn through the zenith and themselves. 

Again, then, let there be in the plane of this great circle the earth’s great circle 
AB, the circle at the sun or moon CD, and 
the circle EFGH to which the earth has the - 
ratio of a point; and let K be the centre of 
them all, and KACE the diameter through 
the zenith points. With are CD cut off from 
the zenith C at 30° as an example, again let 
KDG and ADH be joined; and from A let 
AF be drawn parallel to KG, and AL per- 
pendicular to it. | 

Now, since the distance of each of these 
luminaries is not always the same, and 
since the difference of the parallaxes result- 
ing from this cause will be, for the sun, alto- 
gether small and imperceptible because its 
circle’s eccentricity is small and its distance 
great, but since for the moon it would be 
quite perceptible both because of its epicy- 
clic motion and because of the epicycle’s movement on the eccentric which 
makes a considerable difference at either distance, we shall show the sun’s 
parallaxes only in the one ratio (I mean the ratio of 1210 to 1) and the moon’s 
in those four ratios which will be the more accessible to successive calculations. 
Of these four distances we have taken, first, those two which result from the 
epicycle’s being at the eccentric’s apogee; and, of these two, first the distance to 
the epicycle’s apogee which we have already shown to be 64°10’ to the 1” of the 
earth’s radius, and second the distance to the epicycle’s perigee found to be 
53°50’. The remaining two we have taken when the epicycle is at the eccentric’s 
perigee; and again, of these, first the distance to the epicycle’s apogee which was 
found (as already shown) to be 43°53’ to the 1” of the earth’s radius, and second 
to the epicycle’s perigee found to be 33°33’. 
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Since then 
arciGD=80°, 
therefore also 
angle CKD =30° 


=60° to 2 rt. 


And so, on the circle about right triangle AKL, 
arc AL=60° 

and, as remainder of the semicircle, 

are JOL= 120%, 
And therefore 

chord AL =60° 

chord KL = 103°55’ 
where 
diam. AA =120?. 
And therefore 


AL =0°30’ 
Ki (ae. 
where 
Ae= fr 
And, for the sun’s distance, 
KLD= 1210"; 


and, for the lunar distances, at the first term 

KLD=64°10'; 
at the second term 

KED= 53°50’ ; 
at the third term 

KLD = 43°53’; 
and at the fourth term 

K LD =33°33’. 
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Therefore, since the remainder, line LD, differs from AD by an indistinguish- 


able amount, for the solar distance, 


AD =1209°8’; 
and for the lunar distances, at the first term 
AD =63?18': 
at the second term 
AD = 52°58’ ; 
at the third term 
AD=43P l/; 
and at the fourth term 
AD =32?41’. 
And so, in the same order to avoid repetition, 
AL=0?2'59”", 


AL =0°56'52”, 
Ault = 1evs5 8a) 
Al r= 1°28'4:14; 
and 
AL=1°50'9", 
where 
hypt. AD=120?. 
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And, therefore, on the circle about right triangle ADL, 
are AL=0°2'50", 
arc AL =0°54’18”, 
arc AL=1°4’54”, 
are AL =1°20’, 


and 
arc AL = 1°48’. 
And, since 
angle ADB=angle FAH, 
therefore 
angle FAH =0°2’50” to 2 rt., 
= 0° 1/25” ; 
angle FAH =0°54’18” to 2 rt., 
SH pears age 
angle FAH =1°4’54” to 2 rt., 
+7 0232/27"; 
angle FAH = 1°20’ to 2 rt., 
= 0°40’; 
and 


angle FAH = 1°45’ to 2 rt. 
=)°52(30%. 

And so—since the point A is indistinguishable from the center K, and are 
FGH is not appreciably greater than arc GH because of the whole earth’s being 
in the ratio of a point to circle HFGH—arc GH of the parallax will be, for the 
solar distance, 0°1’25” ; and for the lunar distances, at the first term 0°27’9”, at 
the second term 0°32’27”, at the third term 0°40’, and at the fourth term 
0°52’30”. Which it was required to show. 

In the same way, for the other distances from the zenith, we calculated the 
resulting parallaxes for each term at intervals of 6° up to the quadrant of 90°, 
and we drew up a table for the determination of parallaxes, again in 45 rows and 
9 columns. In the first column we put the 90° of the quadrant making them in- 
crease by 2°; in the second column, the sixtieths of the solar parallaxes corre- 
sponding to each section; in the third column, the moon’s parallaxes at the first 
term; in the fourth, the excesses of the second term’s parallaxes over the first 
term’s; in the fifth, the parallaxes at the third term; and in the sixth, the excesses 
of the fourth term’s parallaxes over the third term’s. 

For example, compared to 30° there is the sun’s 0°1'25”, then next the 0°27’9” 
of the moon’s first term, and then 0°5'18” which is the excess of the second term 
over the first, then again the third term’s 0°40’, and next 0°12’30” which is the 
excess of the fourth term over the third. And in order to find easily and sys- 
tematically the parallaxes in the distances between the apogees and perigees 
proportionate to the particular sections, from the parallaxes at the four terms, 
by comparing the sixtieths, we added the remaining three columns for com- 
paring such differences as were calculated in the following way: 

Let there be the moon’s epicycle ABCD about E as centre; and let F be the 
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centre of the earth and the ecliptic. With AEDF joined, 
let FCB be drawn, and BE and CE joined. And let BG 
be drawn from B, and CH from C, perpendicular to AD. 
First let the moon be supposed the distance of arc AB 
from the true apogee at A considered relative to centre 
F, And let the are be 60°, for example, so that 
angle BEG =60° 
= 120° to 2 rt. 
And so, on the circle about right triangle BEG, 
anc BG 120° 
and, as remainder of the semicircle, 
arc LG = 60°. 
And therefore 
chord BG = 103°55’, 
chord EG =60° 
where 
diam. BE = 120°. 
But, when the epicycle’s centre £ is at the eccentric’s 
apogee, 


HY 2 BE ::60° : 5°15’. 
And therefore 


BG =4°33’, 
EG = 2°38’, 
GEF =62°38’, 
where 
BE=6y5’. 
And, since 
sq. FG+sq. BG=sq. BF, 
therefore 
Br =t20! 
where, as the first term’s distance, 
AF=65°15’, 
and, as the second term’s distance, 
DF = 54°45’, 
and, as the difference between the two terms, . 
AD = 10°30’. 


And therefore the difference at B with respect to the first term’s distance is 2°27’ 
to the whole difference’s 10°30’. 

And so the difference at that time will be 14 to the whole difference’s 60. 
Therefore we shall place this 14 in column 7 in the row containing half the num- 
ber 60 (that is, opposite 30) because the whole 90° in the first —— of the 
table are only half the 180° from A to D. 

In the same way, if we suppose 

arc CD =60°, 
then it will be shown that | 
CH =4°33', 
EH = 2°38’, 
and, by subtraction, 

FH =57°22’ 
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where 
rad. CE =5?15’. 
And likewise 
hypt. CF =5?"33". 

Again subtracting these from the first term’s 65°15’, we shall get the remain- 
der 7°42’ which is 44 sixtieths of the whole difference. And we place this 44 in 
the same column opposite the number 60 because the are ABC is 120°. 

Again, with the same things assumed, let the centre E’ be conceived at the 
eccentric’s perigee, in which position the third and fourth terms are contained. 
Since, then, at this position 

EF : BE ::60:8, 
therefore, whenever it is assumed 


arc AB=60° 
or 
arc CD=60°, 
then 
BG = 6°56’ 
or 
CH= 6°56’ 
where 
BE=8? 
and 
EF =60?. 
And 
EG=4P 
or 
EH =4?, 
And so, with 
FG=64?P 
and 
FH =56°, 


likewise also 
hypt. BF = 64°23’, 
hypt. CF = 56°26’ 
where the third term’s 
AF = 68» 
and, as difference between the third and fourth term, 
AD= 16». 

Therefore, if we subtract 64°23’ from 68°, we shall have left 3°37’ which is 13 
and 33’ sixtieths of the whole difference’s 16°. And we shall place this likewise 
opposite the number 30 in column 8. And if we subtract 56°26’ from the same 
68°, we shall have left 11°34’ which is 43 and 24’ sixtieths of the whole differ- 
ence’s 16”. And we shall likewise place this opposite the number 60 in column 8. 

The differences resulting from the moon’s movement on the epicycle will be 
set out by us in this way, and we shall systematically handle those resulting 
from the epicycle’s passage on the eccentric in the following manner: 

Let there be the moon’s eccentric circle ABCD with centre E and diameter 
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AEC, on which let there be conceived the ecliptic’s centre F. And with BFD 
drawn, again let each of the angles AFB and CFD be 60°. This takes place if the 
elongation is 30° when the epicycle’s centre is at B, and 120° when at D. And, 
with BE and DE joined, let the straight line EG be drawn from £ perpendicular 
to BFD. 
A Now, since 
angle AFB =120° to 2 rt., 
therefore, on the circle about right triangle EFG, 
arc HG = 120° 
and, as remainder of the semicircle, 
arc FG =60°. 
And therefore 
chord EG = 10355’, 
chord FG =60?. 


where 
hypt. EF =120?. 
And so 

EG=8°56’, 

FG=5?10’ 
where 

1. betw. c. HF =10°19’ 
and 
t ece. rad. 49°41’. 
And since 
sq. BE—sq. EG=sq. BG, 

therefore 


BG = DG = 48°53’. 


BF = 54°3’ 
where, for the first pair of limits, 


And so, by addition, 


AF =60? 
and, for the second pair of limits, 
CF = 39°22’; 
and the difference between them is 20°38’. Also, by subtraction, 
Di =25ea 

Since, then, 60” exceeds 54°3’ by 5°57’ which is 17 18’ sixtieths of the whole 
difference’s 20°38’, and exceeds 43°43’ by 16°17’ which is 47 21’ sixtieths of 
20°38’, we place the 17 and 18’ in column 9 opposite number 30 of the elongation 
and the 47 and 21’ opposite the number 120 (or, rather, 60, because the elonga- 
tion of 60° is equal in distance to that of 120° when the perigee is at 90°). 

For the other arcs we calculate in this same way the resulting sixtieths of the 
differences according to the three differences just set out, by sections of twelve 
which become sections of six for the numbers in the table, the 180 parts from the 
apogees to the perigees corresponding to the 90 parts in the table. And we have 
put down for each of the numbers given the corresponding sixtieths all worked 
out. Those corresponding to the parts in between these we have worked out ac- 
cording to the regular increase of the sixth parts of the difference; for there is no 
discrepancy worth mentioning between those so gotten and those derived geo- 
metrically for differences of this size, either in the sixtieths or in the parallaxes 
themselves. And here is the table: 
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18. PARALLACTIC TABLE 
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19. On THE DETERMINATION OF PARALLAXES 


Whenever we wish to determine what parallax the moon displays in each of 
its passages—first along the great circle through itself and the zenith—we shall 
look to see how many equatorial hours it is from the meridian of the given 
parallel. And taking the number found to the Table of Angles of the proper 
parallel and of the proper sign [Chap. 18, Book 11], we shall find in the second 
column the degrees corresponding to that hour either entire or in proportion to 
the part of the hour. These are the degrees of the moon’s distance from the 
zenith along the great circle drawn through them both. And carrying this num- 
ber to the Table of Parallaxes, we shall look to see what row of the first column 
it falls in, and we shall note down each of the numbers corresponding to it in 
the four successive columns following the solar parallaxes—that is, columns 
3, 4, 5, and 6. 

Then, taking the anomalistic number determined for that hour with respect 
to the true apogee, either the number itself or (if it exceeds 180°) the difference 
between it and 360°, we carry the half of the number of the degrees so obtained 
to the same numbers [in column 1], and we look to see how many sixtieths in 
columns 7 and 8 correspond to that number. As many sixtieths as are found in 
column 7, just so many sixtieths shall we take of the difference in column 4, al- 
ways adding it in turn to the parallax in column 3. And as many sixtieths as are 
found in column 8, just so many sixtieths shall we take of the difference in 
column 6, always adding it in turn to the parallax of column 5. And we shall 
set out the difference of the two parallaxes gotten in this way. 

Next, taking the number of degrees of the moon’s mean distance either 
from the sun or from the point diametrically opposite according to whichever 
yields the nearer distance, we shall also carry these to the numbers in column 
1. And again, as many sixtieths as correspond in the ninth and last column, 
just so many sixtieths shall we take of the difference between the paral- 
laxes set out, always adding the result to the lesser of the two parallaxes— 
that is, to the parallax determined from columns 3 and 4.2 And we shall 
have the total parallax the moon displays along the great circle through itself 
and the zenith. 

For solar eclipses, the solar parallax simply considered is immediately ob- 
tained at the similar position from the degrees in column 2 corresponding to the 
magnitude of the arc from the zenith. 

1To use this table with accuracy, the moon must be supposed at the beginning of the sign 
and to be on the ecliptic. 


*Here, as in the preceding paragraph, the procedure is prac- 
tically true, not strictly and mathematically true. Ptolemy, here 
and in the preceding paragraph, is supposing that, between the 
smaller parallax at the greater distance and the larger parallax at 
the lesser distance, the differences in the parallaxes are propor- 
tional to the differences in the distances. 

Thus, consider the centre of the earth K, the observer’s eye A, 
the zenith point C, and the three distances of the moon, D, D’, and 
D” with the three corresponding parallactic angles ADK, AD’K, 
and AD’K. The supposition is that 

angle AD’K — angle AD’K : angle ADK — AD’K :: KD’ — 

KD: KD” — KD, or that 
angle D”AD' : angle D”AD::D”D': D’D. 
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Now, to determine also the parallax displayed at that time with respect to 
the ecliptic, longitudinally and latitudinally, we shall take again the same equa- 
torial hours of the moon’s distance from the meridian to the same part of the 
Table of Angles. And we shall look for the number of degrees corresponding to 
the number of hours, in column 3 if the moon is antemeridian, but in column 4 
if the moon is postmeridian. If it is within 90°, we shall write it down; if above 
90°, we shall write down what is left from 180°. For the lesser of these angles 
about the intersection will be just so many degrees to one right angle’s 90°. 
Then, doubling the number of degrees noted down, we carry it to the Table of 
Chords, the number itself and the remainder from 180°. And whatever ratio the 
chord subtending the are of twice the number of degrees has to the chord sub- 
tending the remainder of the semicircle, that ratio the latitudinal parailax has 
to the longitudinal, since arcs of such size do not differ appreciably from their 
chords. Then, multiplying the numbers of the corresponding chords by the par- 
allax found on the great circle drawn through the zenith, and dividing the result 
by 120, we analytically derive the degrees resulting from the division as the de- 
grees of the particular parallax. 

In general, in the case of the latitudinal parallax, whenever the zenith is 
farther north on the meridian than the point of the ecliptic then culminating, 
the parallax will be to the south of it; and whenever the zenith is farther south 
than the point of the ecliptic culminating, the latitudinal parallax will be to the 
north. In the case of the longitudinal parallaxes, since the magnitudes of the 
angles laid out in the table contain the northern angle of the two angles con- 
tained by the eastward section of the ecliptic to either side of it, when the lati- 
tudinal parallax is to the north (if the angle in question is greater than a right 
angle) the longitudinal parallax will be westward; if less than a right angle, east- 
ward. But, contrawise, when the latitudinal parallax is to the south, if the angle 
in question is greater chard a right angle, the longitudinal parallax is eastward; 
if less than a righih angle, westward. 

Now, we have used the things previously demonstrated concerning the sun 
as if it digalagéa no sensible parallax—not because we were unaware that its 
parallax when later worked out would make some difference in these matters, 
but because we did not think any appreciable error would follow from this with 
respect to the appearances, so as to make it necessary to change any of the de- 
tails worked out already and without regard to this small difficulty. Likewise, 
with respect to the moon’s parallaxes, we were satisfied with the ares and angles 
made with the ecliptic by the great circle drawn through the horizon’s poles in 
the place of those considered with respect to the moon’s oblique circle. For the 
difference resulting at the ecliptic syzygies would be imperceptible, and setting 
them out requires many proofs and long calculations, the distances from the 
nodes not being fixed for each of the moon’s passages in the zodiac, but suffering 
various changes in magnitude and position. 

For an easy understanding of what has been said, let there be taken the sec- 
tion of the ecliptic ABC, and the section of the moon’s oblique circle AD; and 
let the point A be supposed the node, and D the moon’s centre. From D let there 
be drawn the are DB perpendicular to the ecliptic. Let the point E be the hori- 
zon’s pole, and let there be drawn through it EDF as a section of the great circle 
through the moon’s centre, and section EB through B. And let the moon display 
a parallax of are DG, and let the ares GH and Gi be drawn through G perpen- 
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dicuiar to the arcs BD and BF so that, of the lon- 
gitudinal distances from the node, are AB is the 
true one, and Ak the apparent one; and, of the 
latitudinal distances from the ecliptic, the true one 
is arc BD and the apparent one KG; so that, of the 
parallaxes from DG considered with respect to the 
ecliptic, the longitudinal is equal to HG and the 
latitudinal to DH. 

Now, since the parallax DG is found by the 
means presented above when arc ED is given, and 
since each of the parallaxes DH and HG is found 
when angle CFE is given, and since we previously 
demonstrated the angles and ares of the great 
circle through the zenith with respect to given points on the ecliptic and thus we 
have only point 5 of the ecliptic given, it is clear that we are using are EB in- 
stead of arc ED, and angle CBE instead of angle CFE. 

Hipparchus tried to make this correction, and he appears to have attacked 
the problem in an ill-considered and illogical fashion. For, first, he used one 
distance AD, and not all or several distances as would have been consequent 
upon his desire to be exact in small things. Then, too, he failed to notice that he 
was falling into several absurdities. For after he himself has already demon- 
strated the arcs and angles considered with respect to the ecliptic, and had 
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demonstrated that, when arc HD is given, arc DG is gotten (for he demonstrates 
this in Book 1 of his Treatise on Parallaxes), he uses arc EF and angle EFC as 
given for getting arc ED. Thus in Book u, after-having calculated are FD, he 
assumes the remainder ED; and he came to these conclusions because he did not 
notice that the point B, and not /, is given on the ecliptic; and therefore arc EB 
is given and not arc ZF, and angle EBC is given and not EFC. Therefore, to 
make a partial correction, he had upset everything. For there is quite a sensible 
difference between arcs #D and EF, the latter being much less given than the 
former. But since actually BE is given, the difference with respect to LD will be 
at most only the magnitude of arc BD for each of the distances from the node.! 
Now we can see what follows from the correction rightly made, in this way: 


1Kor BD would always be less than DF, and BE in nearly all cases would differ from DE 
by less than BD. 
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Let there be the ecliptic ABC and the circle DBE at right angles to it. And 
let the moon, either at D or at E, be distant from the ecliptic ABC by a given 
arc, such as BD and BE, so that: the arcs from the zenith to the ecliptic point B 
and the angles at B are given, and the arcs and angles with respect to D or E 
are sought. 

If, then, the ecliptic has a position such that it is at right angles to the great, 
oiltle dieth through the point B and the point F, which is to be taken at the 
horizon’s pole (for example the great circle FB), tliely clearly, it will coincide 
with arc DE, and the angle considered at D and FE will be no different from that 
supposed at B. For they are right angles and therefore relative to the ecliptic. 
And are FD will be less than are FB by arc BD, 
and arc FE greater by are BE, with arcs BD and 
BE given. 

Furthermore, if the ecliptic A BC coincides with 
the great circle drawn through the zenith, and if 
(assuming A to be the horizon’s pole) we join the 
ares AD and AE, they will differ from are AB, and 
the angles BAD and BAE will differ from the angle 
which in the former case did not exist. But ares 
AD and AE are given, since they are as straight 
lines very nearly, from arcs AB, and BD and BE 
which are given. For the sums of their squares give 
the squares on AD and AE. And angles BAD and 
BAE follow from them. 

But with the ecliptic’s position inclined, if from F’ the HOHBOR s pole we join 
FB, FGD, and FEH, then both are FB and angle ABF are given; and again, 
certainly, arcs BD and BE. And arcs FD and FE, and angles AGF and AHF 

must be given; and they are given, once DK and 
F EL are drawn perpendicular to FB. 
For, since angle A BF is given and angle ABE is 
arwaye a right angle, the right triangles BAD and 
BLE are given and also the ratio of FB to the sides 
about the right angles, since it is given relative to 
the hypotenuses DB and BH. And so the hypote- 
nuses FD and FE are given, and therefore also 
pe angles DFK and EFL which are the differences 
aK | 


A 


with the angles desired. For angle AGF is greater 
than angle ABF by angle DFB; and angle AHF is 
ae less than angle ABF by angle EFL. 

It is clear that, with the same latitudinal dis- 

tance supposed, the greatest difference between 

the angles occurs when the point B itself is the zenith. For with no angle at B, 
the arcs from the zenith to D and E make right angles with the ecliptic. The 
greatest difference between the arcs occurs when the position is the same; for 
again, with no are at B, the arcs at D and E will be as great as those of the 
moon’s latitudinal passage; and also when the great circle through the zenith is 
at right angles to the ecliptic. For, again, arcs FD and FE will differ from FB by 
the whole latitudinal passage. But in the other positions with D# inclined to 
FB, the differences of both the ares and angles will come to less. Therefore, when 
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the moon is distant 5° in latitude from the ecliptic, the greatest difference of the 
parallaxes will be very nearly 10 sixtieths, the 5° of the greatest difference in ares 
making just this many sixtieths of parallax in the case of the greatest excesses 
and least distances. But when the moon is at its greatest distance in the solar 
eclipses and the latitudinal passage is very nearly 114°, then the difference of 
parallax will be the same number of sixtieths, 14%, which rarely happens. 

Now, the method for the correction of the angles and arcs (for those who wish 
it for such small ratios) would be available as follows: In general, doubling the 
number of the angles, we take it to the Table of Chords; and multiplying the 
numbers corresponding to it and to its supplement by the degrees of latitude, 
we write down 1499 of each.! And we subtract the resulting number for the 
first angle from the given arc from the zenith when the moon is on the same side 
of the ecliptic as the zenith; and we shall add when it is on the opposite side of 
the ecliptic. And squaring the result and adding to the square from the supple- 
ment, we shall have the arc required by taking the square root of this sum. 

Then multiplying the numbers of the second or supplementary angle by 120, 
and dividing the results by the arcs just found, we take the halves of the arcs 
corresponding to these numbers. in the Table of Chords and add them to the arcs 
of the original angle if the corrected arc is greater; and we subtract, if less. And 
thus we have the corrected angle. 

As an example, let the arc FB of the last figure be supposed 45°, the angle 
ABF 30°, and each of the ares DB and BE 5° in latitude. 

Now, since a chord of 60° corresponds to double 30°, or 60°, and a chord of 
very nearly 104° to the supplement or 120°, therefore 

BL: BE::BK:DK ::60:120 
where 
hypt. = 120. 
Then, multiplying each of the numbers by the 5° of the hypotenuse and taking 
Yoo of the results, we have 
arc BK =are BL =2°30’, 
are DK =are KL =4°20’. 
Then first we subtract the 2°30’, if the moon is supposed at point #, from the 
45° of arc FB because the moon’s latitudinal distance is on the same side as the 
zenith—that is, because they are both either north or south of the ecliptic. And 
we have 
are FL=42°30'. 
And if the moon is at D, we add to it because of the contrary situation, and we 
have 
are FK =47°30’. 

Then, adding the square of FL to the square of LE, and the square of FK to the 
square of DK (that is, the square of 4°20’ to the square of 42°30’, and the square 

1For in the last figure angle LEB equals angle AFB, angle LBE equals 90° less angle AFB. 
If we now conceive a circle about right triangle BLE, considering it to be rectilinear for the 
small ares, we shall have the vulues of BL and LE in terms of the chords where BE equals 120. 
Let BL be s. But we know BE is so many degrees of arc, say n. Therefore, if x is the number 
of degrees of BL to be found, 

xin —s:120. 
Whence 
120% =n: &. 
The same kind of calculation is used in the next paragraph. 
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of 4°20’ to the square of 47°30’) and taking the square roots of the results, we 
have 
arc HF = 42°46’, 
are DF =47°44’. 
Finally, multiplying 4°20’ by 120 and dividing separately by 42°46’ and by 
47°44’, we have 
chord EL =12°8’ 


where 
hypt. EF = 120°; 
and 
chord Dk =(10+4%+%4)P 
where 


hypt. DF =120°. 

An are of 113%° corresponds to the chord of 128’, and an are of very nearly 
104° corresponds to the chord of (10+14+14)?. Taking the halves of these 
arcs, on the one hand we subtract the 546° of angle HFL from the 30° of angle 
ABF, because are EF is less than arc BF, and we have 

angle AHF =24)4°. 
On the other hand, if we add it to the same 30° because arc DF is greater than 
are BF, we have 

angle AGF =351¢°. 
Which it was required to work out systematically. 


LL 


BOOK SIX 


1. On ConsJUNCTIONS AND FuLL Moons 


Tue treatment of the ecliptic syzygies of the sun and moon comes next in order, 
and this in turn is preceded by the examination of the conjunctions and full 
moons truly considered. For a first understanding of such things, we think that 
the periodic and irregular movements already demonstrated for each of the 
luminaries are sufficient. By means of these it is possible, for anyone sufficiently 
industrious, to determine their particular positions each time, and to calculate 
the places and times of the future syzygies—both those taken with respect to 
mean movements and the true ones with the anomaly. Nevertheless, to have 
them at hand systematically, we first set out the times and places of the periodic 
conjunctions and full moons, and the moon’s anomalistic and latitudinal posi- 
tions at the mid-eclipses. For by means of these last the correction for the true 
syzygies is effected, and from these the correction for the ecliptic syzygies. And 
we built tables of the following kind for such an examination. 


2. CONSTRUCTION OF THE TABLES OF THE MEAN SyZyYGIES 


First, to establish the epochs of the months (like the other epochs, from the 
year 1 of Nabonassar), we took the surplus of the noon elongation, 70°37’, al- 
ready demonstrated for the first of the Egyptians’ Thoth, and we found 5 days 
47’ 33” of mean movement of elongation corresponding to it; so that by just so 
much time had the mean conjunction preceded noon of the first day of Thoth. 
And the next one, therefore, took place very nearly 23 days 44’ 17” after that 
same midday—that is, 44’ 17” of a day after noon of the 24th. But in 23 days 44’ 
17” the sun’s mean movement is 23°23’ 50”, and the moon moves 310° 8’ 13” of 
anomaly and 314° 2’ 21” in latitude. Furthermore, at noon of the first of Thoth, 
the sun’s mean position was 0° 45’ within the Fishes and, for greater facility, 
265°15/ from its apogee, while the moon’s position in anomaly was 268°49’ from 
the epicycle’s apogee, and 354°15’ in latitude from the oblique circle’s northern 
limit. Therefore, at the time of the mean conjunction after the first of the month, 
the sun and moon were both 288°38’50” in mean movement from the sun’s apo- 
gee—that is, 5°30’ within the Twins; and the moon was 218°57'15” of anomaly 
from the apogee and 308°17’21” in latitude from the northern limit. 

Now, we shall first arrange a synodic table, again in 45 rows and 5 columns. 
For the first row we shall place, in the first column, the first year of Nabonassar; 
and, in the second column, the 24 days 44’17” of Thoth since the extra sixtieths 
are from noon of the 24th. In the third column we shall place the 288°38’50” of 
the mean position from the sun’s apogee; in the fourth, the 218°57’15” from the 
apogee of the lunar anomaly; and, in the fifth, the 308°17’21” from the northern 
limit of latitude. 

Since, moreover, in half a mean month’s time there are contained very nearly 
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14 days 45/55”, 14°33’12” of solar position, 192°54’30” of lunar anomaly, and 
195°20’6” of latitude, we shall subtract these numbers from those of the con- 
junction first given; and we shall arrange the remainders in a second and similar 
table, which will be plenilunar, in the same way as before. And there are left 9 
days 58’22”, 274°5’38” from the sun’s apogee, 26°2’45” of anomaly from the 
moon’s apogee, and 112°57’15” in latitude from the northern limit. 

And since, in 25 Egyptian years, whole months less 2447151! of a day very 
nearly are completed, and the sun adds on in mean movement (once and above 


117°12%49i'54iii in latitude, we shall increase the first columns of the two tables 
by successive additions of 25 years, the second columns we shall successively de- 
crease by 0°2'47ii5ii, and of the rest we shall successively increase the third by 
353°52i34111 3411, the fourth by 57°21'44/i1i1i, and the fifth by 117°1249i54iii, 

Following these, we shall arrange a table by years in 24 rows and another by 
months in 12 rows, each of them with as many columns as the first tables. And, 
in the case of the table by months, for the first row, we place in the first column 
the first month; in the second column the 29 days 3115018441207”; in the third the 
total 29°6i23 i111! of the sun for that much time; in the fourth the 25°49 :0ii8iii 
of the moon’s anomaly; and in the fifth the 30°40‘14/'9!" in latitude. And we 
successively increase these by these same numbers of the first row. 

In the case of the table by years, for the first row, we place in the first column 
the first year; in the second the 18 days 53152i!48'#! additional in 13 months; in 
the third the 18°22'59:i1 8ii! of the solar surplus for that much time; in the fourth 
the 335°37!1 4451 44 of lunar anomaly; and in the fifth the 38°43 3151741 in latitude. 
With a view to setting out the first syzygy following upon the whole Egyptian 
years, we also successively increase at one time by the thirteen-month surplus 
already given, and at another by the twelve-month surplus which comes to 354 
days 22'1'40ii, to 349°16'361164# in solar position, to 309°48'11424!! in lunar 
anomaly, and to 8°2'49ii42ii in latitude. Nevertheless it will suffice to take the 
tabulated numbers out to the second sixtieths: And here is the result reduced 
to tables: ; 
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3. TABLE OF CONJUNCTIONS 
1 2 3 4 5 
25-Tear . Days of Degrees of Degrees of Degrees of 
Periods Thoth Solar Position | Lunar Anomaly Latitude 

° 4 Mt fe) Ul Mt ° / a 
1 2 44) AB || 288. 38> SOG) 268. Ste «615: 808s 7 «2 
26 24 41 30 | 282 3h 24 | 276 18 # 59 65 30 Il 
51 24a 838 (435 | 276 28 $80 388) 405 43 | 182) 48 1 
76 24 35 56/270 16 33 3k; @e 2%, 290, pao 51 
101 24 833 9 | 264 9 7 88 24 II 57 8 41 
126 24; 30; 228) 258 ade 4ie/ 145 45 55 174 ~oh 31 
151 24 2% 35 | 251 54 15 | 2038 7 39 | 291 34 20 
176 24 24 47 | 245 46 50 | 260 29 23 48 47 10 
201 2h 22: Oy 11289 «30, Bde 3)7) Ob 7 | 166 0 0 
226 24 WD 28; | 283, 3b 88 16 sO. | 288s pe, «650 
251 24 16 26 | 227 24 32 72 34 «6035 40 25 40 
276 24 18 389/221 6 | 129 56 19 | 157 38 30 
301 24 10 52/215 9 41 | 187 18 3 | 274 51 20 
326 24 8 5 | 209 2 15 | 244 39 47 32 4 10 
351 24 Dp 4&8; )202 54 4071) 302. dh 3h | 149)  h% 0 
376 24 2 Biky | 196 4% 28) |.359 2a: 15: | 266) 220 50 
401 23 59 44 1190 39 57 56 44 59 23 42 39 
426 23 56 57 | 184 32 32/114 6 438 | 140 55 29 
451 23 54 10 | 178 25 6y | l¥jn 28 2% | 258 pam. 19 
476 ae «6G 2B, 1 172 We «604, | 288, 5h 15, ih 9 
501 23 43 385 | 166 10 4) / 286 Wh 55° 1132, 188 59 
526 23 45 48 | 160 2 49 | 348 33 39 | 249 46 49 
551 23 «= 43 Ie 158. 55, @8 40 55 23 6 59 39 
576 23. 40 14 | 147 #47 ~=~«#57 98 17 7 | 124 12 29 
601 23> 3% 2%) 141 40 88; | 155 38 52 | 241 25 19 
626 23 34 40 | 1385 33 Be 248... O38 | 358 nah, 0 
651 23 31 58 | 129 25 40,| 270 22 191115 50 58 
676 23; 29 6 | 123 18 14 | 327 44 3 | 233 3 48 
701 23 26 19 ;117 #10 48 2 5 47 | 350 16 38 
726 28°28 -82e lal = Be oo 2a Sd of 107-39" 28 
751 23 20 45 | 104 55 57 | 189 49 16 | 224 42 18 
776 2a) We 57 98 48 31 | 197 11 0 | 341 55 8 
801 23 16 10 92 41 5 | 254 32 44 99) jC 
826 2am Wes 23 86 33 389 | 311 54 28 | 216 20 48 
851 23 9 36 80 26 18 9) le 12 | 3383 +28) 38 
876 23 6 49 74 18 48 66 37 56 90 46 28 
901 23 4 2 68 Wh 22 1123 59 40 | 207 \59 17 
926 23 & 5 62 (8) 66): | 18h Qh Adi | 325) ple 7 
951 22; 58 28 55 56 380 | 238 48 8 82 24 57 
976 22 55 41 49 49 4 |}296 4 52 |199 37 47 
1001 22 52 54 48 41 939 | 353 26 36 | 316 ;50) 37 
1026 22. 50 7 387 34 13 50 48 20 12° peRe 22 
1051 22 47 20 31 26 47 | 108 10 ay) 191 ,AGy 17 
1076 22 44 32 25 19 21 | 165 3h 48 | 308 .29 7 
1101 22 41 45 1i9 Le 66 | Be 5h 65 41, 57 
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TABLE OF Futt Moons 
1 2 3 4 5 
25-Y ear Days of Degrees of Degrees of Degrees of 
Periods Thoth Solar Position | Lunar Anomaly Latitude 

°o / Mt ° / Mt ° hi Mt 
1 94" BS 22/0274 =e FG 26 “2 + 46e 2277 TS 
26 OM" Sol tsa p26 Ahi: a2 88 24 29 | 230 10 5 
51 9 52 48 | 261 50 46 | 140 46 13 | 347 22 = 55 
76 9 50 1 |} 255 48 21 |198 7 57 | 104 85 45 
101 9 47% 4.) 249 +35 . 55>] 255,29. 4k) 221. '48...35 
126 G9 44 27% || 248 98 . 29°) 312.. 5%) . 25 | 339, Wek 25 
el 9 41 40 | 237 21 3 10 18 9 96 14 14 
176 9* 38 52°| 281 8 88 67 34 53 | 213 ‘27 4 
201 9 386 a’) 220. OY feat izt oo oe | oo0 eo oe 
226 9 33 18 | 218 58 46°) 162 18 21 87 52 44 
251 9” 30" *B8l- 1292 SP 20" 12389" «46 5S | 205 8S “34 
276 9 27 441 2065 1438 5451-297 “1b 40 | 322-18 24 
301 9 24 57 | 200 36 29 | 354 23 ~~ 33 79 31 = «(14 
326 9°... 22, FOr |, 194 ° 29 3 51 45 17 | 196 44 4 
351 9° J). Bar h16S. 2h. BPs 1 109../ 1 | 318 56 54 
376 5: 16 » 6%), 182 14. TH 1.166. 28). 46 71 869 44 
401 9 13 49 |176 6 £45 | 223 50 29 | 188 22 33 
426 Saree 2 i 169. "oo. Jot Zen FZ ee 1 305. B55 28 
451 9 Se 15* Thos OF "at? | 3g0. do. oF 62 48 13 
476 9 5 27 | 157 44 28 Bo oD 4 1180 WT 3 
501 9 Zz 4 | lot “oF 2 98° “TW 25 | 297° SVS 53 
526 S*— 59 B38") 146 — 29 ~ B7' 1 150° "39 9 54 26 48 
551 ov. BF CO 139° “22 PLE 208 Gro SRP P71 ase bass 
576 8 54 19 | 13838 14 45 | 265 22 37 | 288 52 23 
601 Oy BT 1 B24 ol BBhe WE POR B2D od — Ze 46 45...18 
626 8 48. 45- |.120., 59. 638 zo) } 5 | 163 918 3 
651 8. 49 GS 1T4 52. 2 77 «27 )=«©49 | 280 30~ = 52 
676 8 438 11 | 108 45 2 | 184 49 33 37 438 «42 
701 8 40 24 |102 37 386 ;),192 11 17 | 154 56 32 
726 8 37 37 96 30 10 | 249 33 - 1272 9 22 
Tol 8 34 850 90 22 45 | 306 54 45 29 422 "12 
776 8 32 2 84 15 19 4 16 29 | 146 35 2 
801 8 29 15 7s" FF We 61 38 14 | 263 47 = 352 
826 8 26 28 2, % 27 | 1S Se 5S 21° 42 
851 8 23 41 65 53 1 p176 21 42 ) 1388 498 © 32 
876 8 20 54 59 45 36 | 2338 48 26 | 255 ‘26 22 
901 8 18 7 om co 0 (231 5%. ww 129 SOF cell 
926 o FF 20 47 30 44 | 348 26 54 | 129 52 1 
951 Ss © Ss 41 23 18 45 48 38 | 247 4 51 
976 8 9 46 5S to 2 i ies 2 4 17 Aj 
1001 8 6 59 29 8S BF | leo 32 oO | 121 4398 31 
1026 8 4 12 23 1 1 £217 358 Se 238 “ag! 21 
1051 8 r 16 5a 35 12% WS Se 35a *90" TT 
1076 OE "oe 10 46 S | dee SF Fe P13 os 1 
1101 t 658 50 4 38 44 29 359 2 | 230 21 51 


YEARLY SURPLUSES AT CONJUNCTIONS AND FULL MOONS 


1 
Single 
Years 


© ONO Ob ON 


2 
Days 

13) 53 
& 15 
27. 9 
1631 
5 53 
24 47 
14 9 
ot, ol 
224) 20 
11 47 
1 9 
20 3 
al? 5) 
294), 19 
17.—s 41 
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25) wih 
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4 41 
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12° Bs 
oy Pel 
21 ¥\13 
10 35 


THE ALMAGEST, VI 


3 


Degrees of 
Solar Position 


/ 


4 


Degrees of 


Lunar Anomaly 


° 


330 
285 
261 
210 
160 
136 
86 
35 
11 


| 321 


271 
246 
196 
172 
121 

71 

47 
357 
306 
282 
232 
182 
157 
107 
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25 

2 
50 
38 
15 
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5 
Degrees of 
Latitude 

° ; Mt 
38 43 4 
46 45 54 
85 28 57 
93 31 47 
101 34), 87 
140 17 41 
148 20 30 
156 23 20 
195 6 24 
203 9 414 
yb en 4 3 
249 55 t 
200 OT 
296 41 1 
304 43 50 
312 46 40 
351 29 44 
359 32 34 
Ti pad Om hts 
46 18 27 
54 21 ° 17 
62 24 a 
10T | "a 18 
109 10 0 


Solar limits from 69°19’ to 101°22’ and from 258°38’ to 290°41’ 


Lunar limits from 74°48’ to 105°12’ and from 254°48’ to 285°12’ 


Days 
29 31 


Solar Position 


29 

58 

87 
116 
145 
174 
203 
232 
261 
291 
320 
349 


23 
46 

2 
32 
59 
18 
41 

4 
27 
50 
13 
36 


Lunar Anomaly 


25 

51 

(ia 
103 
129 
154 
180 
206 
232 
258 
283 
309 


49 
38 
27 
16 

5) 
54 
43 
32 
21 
10 
59 
48 
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Latitude 


30 
61 
92 
122 
153 
184 
214 
245 
276 
306 
337 
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4. How To LocaTE THE PERIODIC AND TRUE SYZYGIES 


Now, whenever we wish to get the mean syzygies for some one of the required 
years, we calculate how far the supposed year is from the year 1 of Nabonassar. 
And looking to see which rows of either of the first two 25-year tables together 
with the third table’s years contain that number of years, we add the corre- 
sponding numbers in each of the columns of the two rows: for the synodic syzy- 
gies those from the first table to those from the third, and, for the plenilunar 
syzygies, those from the second table to those from the third. From the sums in 
the second column we shall have the time of the syzygy from the beginning of 
that year: for instance, if they add up to 24 days 44’, then 44 sixtieths of a day 
after midday of Thoth 24; and again, if they add up to 34 days 44’, then the 
same sixtieths of a day after midday of Pleophi 4. From the third column we 
shall have the degrees from the sun’s apogee; from the fourth, the degrees from 
the apogee of the moon’s anomaly; and, from the fifth, the degrees from the 
northern limit of latitude. 

Accordingly, we can readily calculate those that follow, whether we wish to 
get them all or some of them, through the proper sums in the fourth or monthly 
table, having changed the times, for greater facility, from the sixtieths of a day 
to equatorial hours. The resulting surplus of hours will be as of regular solar 
days, for the surplus taken seasonally is not always the same, but as of irregular 
solar days. And then we shall correct this by estimating the difference, sub- 
tracting it from the mean sum if the surplus of time for the irregular interval is 
greater, and adding it to it if it is less. 

Now, once the synodic or plenilunar date considered with respect to mean 
passages has been gotten in this way along with the anomalies for each of the 
luminaries, it will be very easy to get the date and place of the true syzygy, and 
even the moon’s latitudinal passage, from the combination of both anomalies. 
For in each case we examine the true passage of the sun, moon, and latitude at 
that periodic time by means of the addition-subtraction obtained. And if they 
are found to be at the same degree or directly opposite, we also have the time of 
the true syzygy; and if not, taking the degrees of the interval between them and 
adding to them a twelfth of them!, we see in how many equatorial hours the 
moon will move that number of degrees. If the moon’s true passage is less than 
the sun’s, we add that number of hours to the periodic time; and if greater, we 
subtract it. And thus, if the moon’s true passage at the periodic time is less than 
the sun’s, we add the degrees of the interval between, together with the twelfth 
of them to the moon’s true passage both in longitude and latitude; and if greater, 
we subtract them. In this way we shall have the time of the true syzygy and 
very nearly the moon’s true passage on its oblique circles. 

Now, the moon’s hourly irregular movement at the syzygies is each time 
gotten in this way. Carrying the number of anomalistic degrees for the supposed 
date to the Table of the Moon’s Anomaly, we take from the excess of the addi- 
tion-subtractions lying opposite it the difference belonging to one degree of anom- 


1That is, the number of degrees between them if the syzygy is synodic; between one of 
them and the point opposite the others, if the syzygy is plenilunar. Now while the moon 
moves along the ecliptic nearly 13°, the sun moves nearly 1°, or the moon moves thirteen 
times as fast. And while the moon moves that 1° the sun again 1/13°. Therefore, for all 
practical purposes, 1/13° is 1/12 of the original 13°. This approximation is even truer for the 
smaller numbers involved here. See Chapter 5. 
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aly. This difference we multiply by the hourly mean movement of anomaly 


which is 0°32'40:‘0i41, If the anomalistic number is in the rows above the greatest 
addition-subtraction, we subtract this product from the hourly mean movement 
in longitude which is 0°32‘56ii01#!; and if it is below, we add it. And we have, as 
a result, how much the moon moves irregularly in longitude in one equatorial 
hour at that particular time!. 

The time of the true syzygies for Alexandria will be gotten systematically by 
us in this way, because all the epochs have their hours established with respect 
to the meridian through Alexandria. And it is easy from the times in Alexandria 
to find the times which will result in any region for the same syzygy, given the 
number of hours of its distance from that meridian. For, if, from the difference 
of the localities, we consider the meridian through the place required, then, by 
as many degrees as it differs from that through Alexandria, by just so much time 
later will the appearance seem to be observed if the meridian through the place 
required is east of that through Alexandria; but by so much earlier if west of it, 
with fifteen time-degrees still making, of course, one equatorial hour. 


5. On THE Ecuiptic LIMITs OF THE SUN AND Moon 


Now that these things have been worked out, the next job it to present those 
matters having to do with the ecliptic limits of the occultations of the sun and 
moon, so that, even if we do not choose to compute all the periodic syzygies but 
only those which can fall within the zone of ecliptic markings, we can have ready 
to hand a discrimination of this kind from the moon’s mean latitudinal passage 
for each of the periodic syzygies. 

Now, in the preceding Book, we have shown that the moon’s diameter sub- 
tends at its greatest an arc of the great circle drawn about the ecliptic’s centre 
equal to 0°31'20”, calculating it to be such by two eclipses which occured at the 
apogee of its epicycle. Since we now wish to get the greatest limits of the ecliptic 
syzygies, and since these occur when the moon is about the perigee of its epi- 
cycle, we shall show by means of two eclipses observed near the perigee (for the 
proof of these things would be more certain by means of their appearances) 


1This description of the method by Ptolemy is far from clear. Theo of Alexandria in his 
Commentary on Book V gives a better one as follows: 

“For taking the anomalistic number .. . he carries it to the Table of the Moon’s Simple 
Anomaly. And taking the difference of the numbers lying in a line with the nearest anomalistic 
numbers greater and less than it, he divides it by the difference of the common [t.e., anomalis- 
tic] numbers. For example, if the anomalistic number is 33°, taking the 2°19’ corresponding 
to 30° and the 2°44’ corresponding to 36°, he finds their difference which is 0°25’. And dividing 
this 0°25’ by the difference between 30° and 36° (that is, by 6) he gets 0°4’24”; and this is the 
difference belonging to one degree of the anomaly. And multiplying 0°4’24” by the 0°32’40” 
of the mean hourly movement of anomaly, we subtract the product from the hourly mean 
movement in longitude of 0°32'56” if the given anomalistic number is in the rows above the 
greatest addition-subtraction—that is, from 1 to 96 and from 264 to 360. But if it is from 
96 to 180 and from 180 to 264, or in the rows below the greatest addition-subtraction, we shall 
add it to the 0°32’ 56”.” 

Theo of Alexandria goes on to give the reasoning behind this method. But it is clear from 
the method itself. One finds the average change along the ecliptic affected by a degree of 
anomaly for the section of the anomaly the moon happens to be at. This, being multiplied by 
the number of degrees of anomaly the moon moves in one hour, becomes the change produced 
along the ecliptic for an hour’s movement in anomaly at that particular section of the epicycle. 
It can, of course, only be approximate. This hourly change is then added to or subtracted 
from, as the case may be, the moon’s mean movement along the ecliptic. 
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how much of an are the moon’s diameter likewise intercepts at this point. 

In the year 7 of Philometor then, (¢. e., the year 574 of Nabonassar, Egyptian- 
wise Phamenoth 27-28 from the beginning of the eighth hour to the end of the 
tenth hour), in Alexandria the moon was eclipsed up to 7 digits from the north. 
Now, the middle occurred 24 seasonal hours after midnight (or 214 equatorial 
hours, because of the sun’s true position’s being 6°4’ within the Bull). And the 
time from the epoch to the middle of the eclipse comes to 573 Egyptian years, 
206 days, and 1414 equatorial hours simply considered but only 14 with respect 
to regular solar days. And for this much time the mean position of the moon’s 
centre was 7°49’ within the Scorpion but its true position 6°16’; and its centre 
was 163°40’ from the epicycle’s apogee and 98°20’ from the northern limit of the 
oblique circle. Therefore it is evident that, when the moon’s centre, being near 
its least distance, is 8°20’ from the nodes along the oblique circle, and the shad- 
ow’s centre is on the great circle drawn through the moon’s centre at right angles 
to the oblique circle at which passage the greatest shadowings are effected, then 
146+ Mo of its diameter falls within the shadow. 

Once again, in the year 37 of the Third Callippic Period (which is the year 607 
of Nabonassar, Egyptianwise Tybi 2-3), the moon began to be éclipsed at the 
beginning of the fifth hour in Rhodes and was obscured at the most 3 digits from 
the south. Here once more the beginning of the eclipse occurred two seasonal 
hours before midnight, which were 214 equatorial hours both in Rhodes and in 
Alexandria because of the sun’s true position’s being 5°8’ within the Water 
Bearer, and the middle (when it was obscured the most) occurred very nearly 
1+4%+ equatorial hours before midnight. And here the time from the epoch 
to the middle of the eclipse adds up to 606 Egyptian years, 121 days, and 104% 
equatorial hours considered both simply and with respect to regular solar days. 
And for this much time the mean position of the moon’s centre was 5°16’ within 
the Lion, but its true position 5°8’; and its centre was 178°46’ from the epicycle’s 
apogee and 280°36’ from the northern limit on the oblique circle. It is therefore 
evident that, when the moon’s centre, being near its same least distance, is 
10°36’ from the nodes along the oblique circle, with the shadow’s centre situated 
on the common section of the ecliptic, and the great circle drawn through the 
moon’s centre at right angles to the oblique circle, then the fourth part of the 
moon’s diameter will fall within the shadow. 

But if the moon’s centre is 814° from the nodes along the oblique circle, it is 
43149 sixtieths of one degree [?. e., 43’3”] from the ecliptic along the great circle 
drawn through the oblique circle’s poles; and, when it is 103s° from the nodes 
along the oblique circle, it is 54-+14+-14 sixtieths of one degree from the ecliptic 
along the great circle drawn through the oblique circle’s poles. Now, since the 
difference between the two eclipses contains a third of the moon’s diameter, and 
since the difference of the two distances of its centre along the same great circle 
from the same ecliptic point (that is, from the shadow’s centre) is 0°11'47”, it is 
clear that the moon’s whole diameter, at its least distance, subtends an arc of 
very néarly 3514 sixtieths of one degree on the great circle drawn about the 
ecliptic’s centre. And since also in the second of the eclipses (in which 14 of the 
moon’s diameter was eclipsed) the moon’s centre was 54+14+14 sixtieths from 
the shadow’s centre, and 14 of the moon’s diameter or 8-+14+)4 sixtieths from 
the point where the line joining their centres cuts the shadow’s circumference, 
it is immediately evident that the shadow’s radius at the moon’s least distance 
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is the remainder, 46 sixtieths. This is hardly greater than two and three-fifths 
times the moon’s radius, which is 0°1724’. But the sun’s radius likewise subtends 
an arc of 0°15’40” on the great circle drawn through the sun about the ecliptic’s 
centre. For the sun and moon were shown to measure off equally on their circles 
in the syzygies at the greatest distance. Therefore, when the moon’s apparent 
centre is 0°33’20” from the sun’s centre on either side of the ecliptic, it will first 
be possible for the moon’s apparent position to be one of tangency to the sun. 

For example, if we conceive are AB of the ecliptic and arc CD of the moon’s 
oblique circle as being sensibly parallel as far as the pas- 
sages at eclipse times, and if we draw arc AEC of the 
great circle through the poles of the oblique circle, and 
conceive the sun’s semicircle about point A and the 
moon’s apparent semicircle about # so that it is just 
touching the sun’s at point F, then arc AE, the distance 
of the moon’s apparent centre # from the sun’s centre A, 
can become the 0°33’20” just given. 

But in the places from Meroé, where the longest day 
is 13 equatorial hours, to the mouth of the Borysthenes, 
where the longest day is 16 equatorial hours, the moon, 
at its least distance in the syzygies, displays a northward 
parallax of at most very nearly 0°8’ (the sun’s parallax being taken into ac- 
count), and likewise a southward parallax of at most 0°58’. And when it displays 
its northward parallax of 0°8’, it displays its greatest longitudinal parallax of 
very nearly 0°30’ about the Lion and the Twins; but when it displays its greatest 
southward parallax, it displays its greatest longitudinal of very nearly 0°15’ 
about the Scorpion and the Fishes. 

Therefore—if we suppose the moon’s true centre at D and we join the DE of 
the whole parallax—the are CD will be very nearly the arc of the longitudinal 
parallax, and CE that of the latitudinal. And so, whenever the moon is north of 
the sun and displays its greatest southward parallax, 

are CD=0°18'; 
arc AEC =1°3'. 
Since the ratio of the arc from the node to C to the are AC at the distance be- 
tween the ecliptic limit is that which 111% has to 1 (this being easily understood 
from things already demonstrated on the obliquity of the lunar circle), the arc 
from the node to C' will be 17°26’, and added to CD it will be 17°41’. But when 
it is south of the sun and displays its greatest northward parallax, 
are CD =0°30’, 
arc AEC =0°41; 
and for the same reasons the arc from the node to C will be 7°52’, and added to 
CD it will be 8°22’. Therefore, whenever the moon’s centre is truly 17°41’ from 
either of the nodes northward along the oblique circle, first in the given places of 
the inhabited world can its apparent position become one of tangency to the sun. 

Again, inasmuch as the greatest difference of solar anomaly was demonstrated 
to be 2°23’, and the greatest difference of lunar anomaly about the syzygies 5°1’, 
it is possible at times for the moon to be truly 7°24’ from the sun at the periodic 
syzygies. But while the moon is traversing that many degrees, the sun will tra- 
verse 143 that many, or very nearly 0°34’; and again, while the moon moves 
these 0°34’, the sun will traverse also 43 that many, or very nearly 0°3’; and 


Cc 12) 


198 PTOLEMY 


sz of this is not worthy of mention. If, therefore, we add to the 2°23’ of solar 
anomaly the total of 0°37’ which is 142 of the original 7°24’, we shall then have the 
3° by which the true syzygies differ very nearly the most from the mean longi- 
tudinal and latitudinal passages in the periodic syzygies. Consequently, when- 
ever the mean passage of the moon’s centre is 20°41’ from the nodes northward 
along the oblique circle and 11°22’ southward, then first, in the given places of 
the inhabited world, can its apparent position become one of tangency to the 
sun. Therefore, whenever the number of degrees from the northern limit of the 
moon’s oblique circle corresponding to the periodic syzygies falls between 69°19’ 
and 101°22’ or between 258°38’ and 209°41’, then only in the given places can 
the proposed thing happen. 

Yet again, respecting the moon’s ecliptic limits: since the moon’s radius at its 
least distance was shown to subtend an arc of 0°17’40”, and since the shadow’s 
radius (being very nearly two and three fifths times as large as the moon’s) 
comes to 45°56’, it is also clear that, whenever the moon’s centre is truly 1°3’36” 
from the shadow’s centre on either side of the ecliptic along the great circle 
drawn through the centres and the oblique circle’s poles, and is very nearly 
12°12’ from either of the nodes along the moon’s oblique circle (according to the 
ratio of 1 to 1114) then first can the moon be tangent to the shadow. For the 
same reasons as already demonstrated concerning the anomaly, whenever the 
moon’s centre taken at the mean passage is 15°12’ from the nodes along the 
oblique circle—so that, for numbers indicating distance from the northern limit, 
it falls between 74°48’ and 105°12’ and between 254°48’ and 285°12’, then first 
can the moon be tangent to the shadow. 

We shall now place beside the appointed tables of the syzygies the numbers 
belonging to the solar and lunar limits of the moon’s latitude so that we can 
readily judge those capable of falling within an eclipse. 


6. ON THE INTERVAL OF Ecuiptic Montus 


And to these things it would be useful to add how many months apart, 
in general, the ecliptic syzygies can occur, so that, if we take the position 
of one ecliptic syzygy, by an examination of the terms we may get not all the 
syzygies which follow but only those at month-intervals in which an eclipse can 
occur. 

Now, it would be immediately clear that the sun and moon can be eclipsed at 
six-month intervals, since the moon’s mean latitudinal passage comes to 
184°1’25” in six months, and since the arcs between the ecliptic limits, both for 
the sun and moon, embrace fewer degrees than this when they are within a semi- 
circle and more when they are above a semicircle. For, as demonstrated, since 
the solar limits cut off 20°41’ from either of the nodes northward along the 
moon’s oblique circle, and southward 11°22’, the northern anecliptic arc is 
138°38’, and the southern is 157°16’. As the lunar limits cut off to either side of 
the ecliptic 15°12’ from the nodes along the same circle, each of the anecliptic 
arcs comes to 149°36’. 

That by means of these hypotheses it is possible for an eclipse of the moon to 
occur at an interval of the greatest five months—that is, when the sun is making 
its greatest passage and the moon its least—we can see as follows: 

Since in the mean five-month interval we find the longitudinal passage of each 
luminary adding on 145°32’ in terms of mean movement, and the moon 129°5’ 
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of anomaly on the epicycle; since at its greatest passage either side of the peri- 


gee the sun’s 145°32’ add 4°38’ to the mean passage; and since at its least pas- 
sage either side of the apogee the 129°5’ of the moon’s epicycle, subtract 8°40’ 
from the mean passage, it follows that in the time of the mean five-month period, 
whenever the sun effects its greatest and the moon its least. passage, the moon 
will be west of the sun by the combined anomalies of both: 13°18’. Again, taking 
42 of this for reasons already demonstrated, we shall have very nearly the 1°6’ 
which the sun moves forward until it is overtaken by the moon. 

Now, since it had added on 4°38’ from its own anomaly and another 1°6’ from 
the time required for overtaking at the true syzygy, the greatest five-month in- 
terval will have added on 5°44’ in longitude beyond the mean. Therefore the 
moon’s latitudinal passage along the oblique circle will have added on just that 
many degrees to very nearly 153°21’ in latitude resulting for the five-month 
interval. And so the latitudinal passage, truly considered in the greatest five 
month interval, will come to 159°5’. 

But the moon’s ecliptic limits either side of the ecliptic circle, at the moon’s 
mean distance, embrace very nearly 1° on the great circle drawn through the 
poles of the oblique circle, since at the least distance it is 1°3’36” and at the 
greatest distance 0°56’24”; and they embrace 11°30’ from the nodes along the 
oblique circle. Therefore the anecliptic are between them comes to 157°, which 
for the greatest five-month interval is less by 2°5’ than the additional 159°5’ 
of the oblique circle. Now, it is clear for these reasons that it is possible 
for the moon, within the greatest five-month interval, to be eclipsed at the 
first full moon in its withdrawal from either node, and to be eclipsed again 
at the last full moon in its approach to the opposite node. For in both eclipses 
the occultation occurs on the same side of the ecliptic, and never on oppo- 
site sides. 

In this way we have seen how the greatest five-month period can produce two 
lunar eclipses. And that it is impossible for the same thing to happen in a seven- 
month interval even if we suppose the least seven-month interval (that is, dur- 
ing which the sun effects its least passage and the moon its greatest) we can see 
by working in the same way as before. 

For since, again, in the mean seven-month interval, the mean longitudinal 
passage of both luminaries takes on an additional 203°435’, that of the moon on 
its epicycle 180°43’; since the sun’s 103°43’ at its least passage either side of the 
apogee subtracts 4°42’ from the mean movement; and since the 180°43’ of the 
moon’s epicycle at its greatest passage either side of the perigee adds 9°58’ to 
the mean movement, it follows that in the time of a mean seven-month interval, 
whenever the sun effects its least. passage and the moon its greatest, the moon 
will have passed the sun by the combined 14°40’ of both anomalies. For the 
same reasons, taking 9 of this and adding it to the 4°42’ of the subtractive 
solar anomaly, we shall have all told very nearly 5°55’ by which the longitudinal 
passage in the least seven-month interval will lag behind that in the mean, and 
just so will the latitudinal passage fail of the total 214°42’ for the mean seven- 
month interval. Therefore in the least seven-month interval the moon will have 
added on 208°47’ in latitude along the oblique circle, whereas the whole greatest 
arc on the oblique circle between the moon's ecliptic limits at its mean distance, 
from the approach to one of the nodes to the withdrawal from the opposite 
node, is 203°. It is consequently not possible for the moon, in the least seven- 
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month interval, to be eclipsed ever so little at the first full moon and again at 
the last. 

Then again it must be shown that it is possible for the sun to be eclipsed 
twice in the greatest five-month interval for the same people and in all parts of 
the world inhabited by us. 

For we demonstrated the moon’s latitudinal passage in the greatest five- 
month interval to be 159°5’ while the anecliptic arc for the sun, at the moon’s 
mean distance, is 167°36’. For the ecliptic limits are 0°32’20” from the ecliptic 
along the oblique circle. Therefore it is clear that, if the moon displays no paral- 
lax, the required result is impossible, because the anecliptic arc is greater than 
the passage in the greatest five-month interval by 8°31’ along the oblique circle, 
and by very nearly 0°45’ along the circle at right angles to the ecliptic, but that, 
wherever it can display a parallax such that the parallaxes in either of the ex- 
treme conjunctions or the parallaxes of both together exceed 0°45’, in such a 
place both of the extreme conjunctions can be ecliptic. 

Now, since we showed that, in the time of the greatest five-month interval, 
whenever the moon effects its least passage and the sun effects its greatest from 
two-thirds within the Virgin to two-thirds within the Water Bearer, the moon 
falls west of the sun by the 13°18’ of both anomalies, and since the moon moves 
in mean terms this much and 4g as much more in 1 day and 214 hours, it is 
clear that, while the time of the mean five-month interval is 147 days and very 
nearly 15+14+}4 hours, the time of the greatest five-month interval is 148 
days and 18 hours. And, for this reason, if the first conjunction is nearly two- 
thirds within the Virgin, the last one nearly two-thirds within the Water Bearer 
will be earlier by the six hours lacking to fill out the whole days. Therefore one 
must seek where and when the moon can display a parallax cf more than these 
0°45’, either in one or the other of these two dodecatemories or in both, at a po- 
sition 6 hours earlier in the Water Bearer than in the Virgin. 

Now nowhere in the world inhabited by us is the moon found to display such 
a parallax northward, as we have said. Whence it is impossible for the sun to be 
twice eclipsed in the greatest five-month interval with the moon’s passage south 
of the ecliptic—that is, whenever the moon at the first conjunction is withdraw- 
ing from the descending node and at the last conjunction is approaching the 
ascending node. But it can display just such a parallax southward, for those 
living below the equator northward, in both these dodecatemories at a position 
six hours earlier whenever two-thirds the Virgin is supposed setting at the first 
conjunction and two-thirds the Water Bearer is culminating at the second. For 
in such positions we find the moon, in its mean distance, displaying a southward 
parallax (the sun’s parallax being accounted for) of very nearly 0°22’ at the 
equator when it is in the Virgin, and of 0°14’ when it is in the Water Bearer; 
but where the longest day is 1214 hours, 0°27’ when it is in the Virgin, and 0°22’ 
when it is in the Water Bearer; so that in this case the two parallaxes together 
exceed the 0°45’ by 4 sixtieths. And since the southward parallax becomes 
greater for the still more northern places, therefore it is evident that it will be 
even more possible for the sun to appear twice eclipsed in the least five-month 
interval for those inhabiting these places, but only at the moon’s passage north 
of the ecliptic—that is, when the moon in the first eclipse withdraws from the 
ascending node and, in the second, approaches the descending node. 
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Thus I say again that, also in the least seven-month interval, it is possible for 
the sun to be twice eclipsed for the same people. For in the least seven-month 
interval we demonstrated the moon’s latitudinal passage to be 208°47’. And 
since the greatest arc of the oblique circle cut off between the ecliptic limits is 
that from the limit at the approach to one node to the limit at the withdrawal 
from the other, therefore, in the case of the sun this distance will come to 192°24’ 
at the moon’s mean distance. Therefore it is clear that, if the moon displays no 
parallax, the required appearance will be impossible, because the oblique circle’s 
are of the least seven-month interval is greater than the greatest are cut off by 
the sun’s ecliptic limits which is 16°23’ along the oblique circle and 1°25’ along 
the circle drawn through the ecliptic’s poles. But wherever it can display a par- 
allax such that the parallaxes in either of the extreme conjunctions or both par- 
allaxes together exceed this 1°25’, in such a place can both extreme conjunctions 
be ecliptic. 

Now since we showed that, in the time of the mean seven-month interval, 
whenever the moon effects its greatest passage, and the sun its least passage 
from the last part of the Water Bearer to the middle of the Virgin, the moon has 
already truly passed the sun by 14°40’. Since the moon moves in mean terms 
just that many degrees together with 142 of them in 1 day and 5 hours, there- 
fore it is evident that, while the time of the mean seven-month interval em- 
braces 206 days and very nearly 17 hours, the time of the least seven-month 
interval will be 205 days and 12 hours. For this reason the time of the last con- 
junction near the middle of the Virgin will be 12 hours later than the first near 
the end of the Water Bearer. Therefore one must seek where and when the moon 
can display a parallax of more than 1°25’, either in one or the other of the given 
dodecatemories or in both at positions 12 hours apart—that is, when the one is 
getting and the other is rising. For not otherwise could both eclipses occur above 
the earth. 

Now again, in the world inhabited by us, the moon is nowhere found in any 
position displaying such a parallax northward; and even to those living under 
the equator a parallax of not more than the 23 sixtieths of the latitudinal paral- 
lax at the greatest distance. Whence it is impossible for the sun to be twice 
eclipsed in the least seven-month interval with the moon’s passage south of the 
ecliptic; that is, whenever it approaches the ascending node at the first conjunc- 
tion and withdraws from the descending node at the last. But we find such a 
parallax effected southward from around the parallel through Rhodes whenever 
the last of the Water Bearer is rising and the middle of the Virgin setting. For at 
its mean distance in Rhodes and in places under the same parallel, the moon dis- 
plays in either position a southward parallax (the solar parallax being sub- 
tracted) up to very nearly 0°46’, so that the parallaxes at both conjunctions are 
together greater than the 1°25’. Now, since the southward parallax is even 
greater in those places north of this parallel, it is evident that, for those inhabit- 
ing these places, it is possible for an eclipse of the sun to appear twice in the 
least seven-month interval, but again only at the moon’s passage north of the 
ecliptic—that is, when the moon in the first eclipse approaches the descending 
node and in the second withdraws from the ascending node. 

It remains further to be shown, moreover, that at an interval of one month 
it is not possible for the sun to be twice eclipsed in the world inhabited by us, 
either in the same parallel or in different parallels, even if one supposes all to- 
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gether those things which cannot concur, but as combined to make the required 
appearance possible; I mean, even if we suppose the moon at its least distance 
so that it may display a parallax (the month the least so that the monthly lati- 
tudinal passage may be greater, by as little as possible) that is greater than that 
embraced by the sun’s ecliptic limits, using indifferently hours and dodecate- 
mories in which it appears to make the greatest parallaxes. 

Since, then, in the mean month the iongitudinal passage of each of the lumi- 
naries takes on 29°6’ in mean terms, and the passage on the moon’s epicycle 
takes on 25°49’; and since of these the sun’s 29°6’ at its least. passage either side 
of the apogee subtract 1°8’ from the mean, and the 25°49’ of the moon’s epicycle 
at its greatest passage either side of the perigee add 2°28’ to the mean—if, ac- 
cording to what has already been demonstrated, we combine the addition-sub- 
tractions of both anomalies which come to 3°36’ and add on a twelfth or 0°18’ 
to what the sun lacked, we shall have 1°26’. And by just this amount we shall 
have the least month’s passage less than the longitudinal and latitudinal in the 
mean month. And so, since the mean month’s latitudinal passage is 30°40’, the 
least month’s passage is 29°14’, which makes very nearly 2°33’ along the great 
circle at right angles to the ecliptic. But the whole passage of the sun’s ecliptic 
limits comes to 1°6’ when the moon is at its least distance, so that the least 
month’s passage is greater by 1°27’. 

Now, if the sun were to be twice eclipsed in one month, it would be absolutely 
necessary, either that the moon display no parallax at one of the conjunctions 
and one greater than 1°27’ at the other; or that it display parallaxes in the same 
direction at both conjunctions with the difference between the parallaxes greater 
than 1°27’; or that both parallaxes come to something greater when the parallax 
at one conjunction is northward and at the other southward. But nowhere on 
the earth in the syzygies—not even at its least distance—will the moon display 
(the sun’s parallax being accounted for) a parallax greater than one degree. 
Therefore it is not possible in the least month for the sun to be twice eclipsed, 
either when the moon displays no parallax at one of the conjunctions, or when 
it displays one in the same direction at both, since their difference is never 
greater than one degree although it needs to be greater than 1°27’, 

The required appearance could happen only if the total number of degrees 
from both parallaxes, one being in an opposite direction to the other, should 
total more than 1°27’. And this is possible in different regions because the moon 
can display, to those north of the equator in the regions inhabited by us, a 
southward parallax, and to those south of the equator in what is called the 
antichthones, a northward parallax of from 0°25’ to 1° beyond the sun’s paral- 
lax. But this could never happen for the same region. Because the moon displays 
in like manner a greatest parallax northward and southward of not more than 
0°25’ for those under the equator; and to the most northern and most southern 
not more than the stated 1° in the opposite directions, so that in this way both 
parallaxes still total less than 1°27’. Inasmuch as each of the opposite parallaxes 
would always be much less in the case of regions between the equator and one of 
the limits, the impossibility would be even greater for them. 

Nowhere on the earth for the same latitude, therefore, can the sun be twice 
eclipsed in one month; and for different latitudes nowhere in the same inhabited 
region. Which things we were required to show. 
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7. CONSTRUCTION OF LcLIpric TABLES 


It has now become clear to us what intervals of syzygies we must take for a 
research into the eclipses. In order that, when the mean times at them have been 
distinguished and the moon’s passages for those times calculated both in the 
case of the apparent conjunctive syzygies and in the case of the true plenilunar 
ones we might (by means of the moon’s latitudinal positions) be able easily to 
review those of the syzygies certain to be ecliptic, their magnitudes, and the 
times of the obscurities, we constructed tables for so distinguishing them: two 
for solar eclipses and two for lunar ones, both at the moon’s greatest and least 
distance, supposing the increase of the obscurations through twelve parts of the 
obscured diameter of each of the luminaries. 

Now, the first table of the solar eclipses, which contains the ecliptic limits at 
the moon’s greatest distance, we bave arranged in 25 rows and 4 columns. The 
first two columns contain the moon’s apparent latitudinal passage along the ob- 
lique circle for each of the obscurations. Since the sun’s diameter is 0°31/20”, 
and the moon’s was shown to be also 0°31'20” at its greatest distance—and 
since, therefore, whenever the moon’s apparent centre was 0°31’20” from the 
sun’s centre along the great circle through both centres, and 6° from the node 
along the oblique circle according to the ratio previously set out of 111% to 1, 
then first will the moon be in a position of tangency to the sun, therefore, in the 
first rows of the columns we shall place 84° for the first, and 206° for the second; 
and, in the last rows, 96° for the first, and 264° for the second. And since very 
nearly 30 sixtieths of one degree along the oblique circle correspond to one- 
twelfth of the sun’s diameter, we shall continually increase and decrease these 
two columns by just so much, beginning from the extremes and going to the 
middle. At the middle rows we shall put 90° and 270°. The third column will 
contain the magnitudes of the obscurations: in the case of the end rows, the cor- 
responding zero of tangency; and in those following them one digit for each 9 
of the diameter; and thus for the rest a continual increase of one digit to the 
middle row, to which the number of twelve digits will correspond. And the 
fourth column will contain the resulting passages of the moon’s centre for each 
obscuration, without any calculations of the added movements of the sun or of 
the added parallaxes of the moon. 

The second table of solar eclipses, which contains the ecliptic limits at the 
moon’s least distance, we shall arrange as to other things like the first, but in 
27 rows and 4 columns. Because the moon’s radius at its least distance has been 
shown to be 17°40’ to the 15°40’ of the sun’s radius; and whenever the moon first 
becomes tangent to the sun, then its apparent centre is 0°33’20” from the sun’s 
centre and 6°24’ from the nodes along the oblique circle. The numbers of appar- 
ent latitude in the end rows are 83°36’ and 206°24’ and again 96°24’ and 263°30’, 
and for the middle row of the digits, the number is twelve digits and, because of 
a like excess, four fifths of a digit for the delay of occultation. 

Bach of the two lunar tables is arranged in 45 rows and 5 columns, the first 
table being furnished with latitudinal numbers as of the moon at its greatest dis- 
tance. For, since the moon’s radius was shown to be 0°15’40” at its greatest 
distance and the shadow’s radius 0°40’44” (so that, whenever the moon is first 
tangent to the shadow, its centre is 0°56’24” from the shadow’s centre along the 
great circle through both centres, and 1°48’ from the nodes along the oblique 
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circle), therefore, in the first rows we shall place the numbers 79°12’ and 280°48’, 
and, in the last rows, the numbers 100°48’ and 259°12’. For the same reasons as 
the first we shall continually increase and decrease them by the 30 sixtieths cor- 
responding to 49 of the lunar diameter at that time. 

The second table we shall furnish with latitudinal numbers as of the moon at 
its least distance, at which distance its radius was shown to be 0°17’40” and the 
shadow’s radius 0°45’56” so that, whenever the moon first touches the shadow, 
then its centre is likewise 1°3’36” from the shadow’s centre and 12°12’ from the 
node along the oblique circle. Now, therefore, putting the numbers 77°48’ and 
282°12’ in the first rows, and the numbers 202°12’ and 257°48’ in the last, we 
shall again continually increase and decrease them by the 34 sixtieths corre- 
sponding to 49 of the lunar diameter at that time. 

And they will contain third columns of digits like the solar tables; and like- 
wise succeeding columns containing the moon’s passages for each obscuration, 
those of immersion and those of emersion, and further those of half the delay of 
occultation. 

We calculated geometrically for each obscuration the given passages of the 
moon. But we treated the proofs as if in one plane and in straight lines, because 
arcs of that magnitude differ insensibly from their chords, and the moon’s pas- 
sage along the oblique circle differs hardly at all from that considered along the 
ecliptic. Let no one suppose that we do not know that, in general, with respect 
to the moon’s latitudinal passage, there is a difference in using the ares of the 
oblique circle for those of the ecliptic; furthermore it does not follow that the 
times of the syzygies are exactly the same as the mid-eclipses. 

For if we cut off from the node A two equal arcs AB and AC of the proposed 

circles, and, joining BC’, draw BD from - 
B at right angles to AC, then it will be 
immediately evident that, with the moon 
supposed at B, if we use arc AC of the 
ecliptic instead of the AD used because 
of considering the passages relative to it 
with respect to circles through the ecliptic’s poles, then the difference due to the 
inclination of the lunar circle will be CD. Again, if the sun or the shadow’s centre 
is conceived at B, the time of the syzygy, in accordance with the little difference 
between the circles, will be when the moon is at C; and the mid-eclipse will be 
when the moon is at D, because the mid-times of the obscurations are considered 
with respect to the circles through the poles of the lunar circle. And the time of 
the syzygy will differ from the mid-eclipse by are CD. 

The cause of our not calculating these arcs in detail is that their differences 
are small and insensible, and that (while not knowing this is absurd) yet, be- 
cause of the difficulty in working out each case, this willing neglect of something 
which can be overlooked both in the hypotheses and the observations makes the 
greatest difference in the usefulness of a simple method, and no difference or 
very little in the discrepancy with appearances. Now, we find the arc similar to 
CD to be, in general, not greater than 5 sixtieths of one degree. This is proved 
by the same theorem as that by whicn we calculated the differences of the equa- 
torial ares with respect to those of the ecliptic for circles drawn through the 
equator’s poles. But in the case of the eclipses we find it to be not greater than 
2 sixtieths, since BD is almost 1° to the 12 ° of each of the ares AB and AC. For 
the moon’s passages at eclipses reach almost that far. Therefore arc AD is very 
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nearly 11°58’, and that leaves CD equal to 2 sixtieths of a degree, which does 
not make one sixteenth of an equatorial hour. Concern over such a fractional 
degree is more vanity than love of truth. 

Now, by these means, we also worked out the required passages of the moon’s 
obscurations as if the circles differed insensibly. And our calculation for one or 
two examples is as follows: 

Let there be the sun’s or the shadow’s centre A, and the straight line BCD in 

A place of the lunar circle’s arc. And let B be supposed 
the moon’s centre when it first touches the sun or 
shadow as it approaches; and D as it withdraws. And 
with AB and AD joined, let AC be drawn from A 
perpendicular to BD. 

Now, that the mid-time of the eclipse and the 
greatest obscuration occurs when the moon’s centre 
is at Cis evident from AB’s being equal to AD; and, 
Berefre. the passage BC’s being equal to CD, and from AC’s being less thad 
all the mes | joining the two centres to BD. It is clear also that either of the 
lines AB and AD contains both the radius of the moon and of the sun or 
shadow, and that line AC is less than either of them by that part of the dia- 
meter of the body being eclipsed which is cut off by the obscuration. 

With these things so, let the obscuration be 3 digits as an example, and let A 
be first supposed the sun’s centre. Now, therefore, when the moon is at its great- 
est distance, 

AB=31/20", 
and 
sq. AB=981'47”. 
And 
AC =2330) 
for it is less than AB by the 3 twelfths of the sun’s diameter, or 7°50’. And 
sq. AC =552/15%. 
And so 
sq. BC =429’32”, 
and, in length, 
BC = 20/43”, 
which we shall place in the first table of the solar eclipses beside the 3 digits in 
the fourth column. 
Again, in the case of the moon’s least distance, 
AB =33/20", 
and 
sq. AB=1111'7’; 
and 
AC'=25'30",; 
sq. AC=650'15"; 
and, by subtraction, 
sq. BC =460’52”, 
and therefore, in length, 
BO=2'234 
which we shall place in the second table of the solar eclipses beside the 3 digits 
in the fourth column. 
Yet again, let A be supposed the shadow’s centre and the obscuration the 
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same 14 of the moon’s diameter. Therefore, for the moon’s greatest distance, 
AB= 56/24” 
and 
sq. AB =3180’58”. 
And 
AC =48'34", 
for it is less than AB by 14 of the lunar diameter or, at the greatest distance, by 
7/50”. And 
sq. AC = 2358’43”. 
And so, by subtraction, 
sq. BC =822'15”", 
and, in length, 
BC =28'41’, 
which we shall place in the first of the lunar tables beside the 3 digits in the 
fourth column and which contain the passage of immersion, sensibly the same as 
that of emersion. 
And, in the case of the least distance, 
AB =63/36” 
and 
sq. AB =4044’58”. 
And 
AC = 54'46”, 
for the 8’50” difference is again 14 of the lunar diameter at the least distance. 
And 
sq. AC’ =2999’23”. 
And so, by subtraction, 
sq. BC =1045'35”, 
and, in length, 
BO +8220", 
which we shall place likewise beside the 3 digits in the fourth column in the 
second of the lunar tables. 
Once more, because the lunar obscurations have a time of delay, let the point’ 
A be the shadow’s centre, and let the straight 


line BCDEF be in place of the are of the - 

moon’s oblique circle. Let B be supposed the 

point where the moon’s centre will be when ii | : ~ 
the moon, as approaching, first touches the ° Greasonw & : 
shadow from without; and C where the moon’s 

centre will be when the totally eclipsed moon 

will first touch the shadow’s circle from within. And let E be the point where the 
moon’s centre will be again when the moon, as withdrawing, first touches the 
shadow’s circle from within; and F’ where the moon’s centre will be when, taking 
its departure, it touches the shadow from without for the last time. And again 
let AD be drawn from A perpendicular to BF. 

Now, given here those things already demonstrated as remaining true, it is 
also evident that either of the straight lines AC and AF bounds the difference 
by which the shadow’s radius exceeds the moon’s radius, so that the passage CD 
equals the passage DE, and each contains half the delay, and the remainder BC 
of immersion is equal to the remainder EF of emersion. 

So let there be supposed an eclipse in which 15 digits of the moon are available 
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—that is, in which its centre D is within the bound of the ecliptic limits by one 
lunar diameter plus a fourth of it; in other words when AD is less than either 
AB or AF by the given one lunar diameter plus a fourth of it, and less than 
either AC or AE by a fourth of one lunar diameter. 
Therefore, when the moon is at its greatest distance, 
AB = 56’24” 
and 
sq. AB=3180’58”. 
And 
AC=25'4”, 
for the moon’s diameter at its greatest distance is 31’20”. And 
sq. AC = 628/20”. 
And likewise 
AD = 17/14” 
and 
sq. AD =396’59”. 
And so, by subtraction, 
sq. BD =2883’59” 
and, in length, 
BD =53'42”. 
And, by subtraction, 
sq. CD =331’21” 
and, in length, 
Cite lone 
and, by subtraction, 
BC=35'30". 
Now we shall place these 35’30” of immersion, equal to those of emersion, be- 
side the number of 15 digits, in the fourth column of the first table of lunar 
eclipses; and the 18’12” of the half-time of delay, in the fifth column. 
When the moon is at its least distance, then again 


AE = Go oO. 
and 
sq. AB =4044'56”. 
And 
AC = 2816”, 
for the moon’s diameter at the least distance was shown to be 35/20”. And 
Sq. vie 7 90" 
And likewise 
FU = 19 2G. 


and 
s@. ADS Aloo 
And so also, by subtraction, 
sq. BD =3667'19” 
and, in length, 
BD=60'34". 
And, by subtraction, 
C= aan 2k, 
and, in length, 
CD 0 aes 
And, by subtraction, 
Dee oe 
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Therefore we shall also place these 40’2” of immersion, again equal to those of 
emersion, beside the number of 15 digits, in the fourth column of the second 
table of lunar eclipses; and the 20’32” of the half-time of delay in the fifth col- 
umn. 

But, for the moon’s passages on its epicycle between the greatest and least 
distances, in order that we might easily obtain by the method of sixtieths the 
corresponding parts of the whole difference for each passage, we placed under 
the foregoing tables another short table containing the numbers of the passage 
on the epicycle and the corresponding sixtieths for each of the apparent excesses 
from the first and second tables of the eclipses. And the quantity of these six- 
tieths has been worked out by us and placed in the seventh column of the moon’s 
Parallactic Table, for the epicycle is assumed to be at the eccentric’s apogee 
throughout the syzygies. 

Since most of those who observe the ecliptic markings do not measure the 
magnitudes of the obscurations by the circles’ diameters but in general by the 
whole plane figures (the eye comparing in a rough way the whole apparent part 
with that not appearing), we have added to these also another short table of 12 
rows and 3 columns. In the first column we placed the 12 digits, each digit con- 
taining 149 of the diameter of each luminary as in the ecliptic tables; and in the 
next columns in turn the twelfths of the whole areas corresponding to them—in 
the second the sun’s, in the third the moon’s. These impositions we calculated 
only for the magnitudes of the moon’s mean distance (for very nearly the same 
ratio is established for such increases and decreases of the diameters) and with 
the ratio of the circumferences to the diameters being as 3°8’30” to 1”. For this 
ratio is between (very nearly) a triple plus a seventh part and a triple plus ten 
seventy-firsts, both of which Archimedes used for greater simplicity. 

Then first, for the solar eclipses, let there be the sun’s circle ABCD about 
centre HL; and the moon’s circle, as its mean 
distance, AFCG about centre H cutting the 
sun’s circle at points A and C. And with 
BEHG joined, let it be supposed that 14 of 
the sun’s diameter has been eclipsed, so that 

FD=83°? 
where 


diam. BD = 12? 
and 
moon’s diam. FG = 12°20’ 
in the ratio of 1540’ to 16°40’. And therefore 
EH =9°10’, 

With the perimeters in the ratio of 1 to 3°8’30”, that of the sun’s circle is 37°42’, 
and that of the moon’s 38°46’. Likewise of the whole areas, since the radius 
multiplied by the perimeter gives twice the circle’s area, that of the sun’s circle 
will come to 1136’, and that of the moon’s to 119°32’. 

Then, these things being so, it is required to find how great is the area con- 
tained by ADCF where the whole area of the sun’s circle is 12. 

Let AE and AH, and CE and CH be joined, and further the perpendicular 
Aula’. 

Now, since it is supposed 

AE=CE=6), 
AH =CH =6?10' 
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where 
EH =9°10’, 
and the angle at K is right, therefore, if we apply the excess by which the square 
on AH exceeds the square on AE, or 2”2’, to the line LH, we shall have the 
difference between EA and HK of 13’3”!. And 
EK =4°28’, 
Hk =4?42’; 
and therefore 
AK=CK =4?, 
And consequently we shall have 
trgl. AEC = 17°52’, 
and 
trg]. AHC = 18°48’. 
Again, since 
AC=8 
where 
diams.D = 12? 
and likewise 
diam. FG = 12”20’, 


and hence 
AC =s0" 

where 

diam. BD =120?, 
and 

AG==T77 50% 

where 

diam. FG = 120, 
therefore 


are ADC = 83°37’ 
where circle ABCD is 360°, and 
ane’ Agi = 30°52’ 
where circle AFCG is 360°. 
And so, since the ratio of circles to ares is the same as the circles’ areas to the 
areas of the sectors of the ares, therefore 
sect. AECD = 26?16’ 
where it was shown 
circle ABCD = 113°6’; 
and 
sect. AHCF =26?51’ 
for 
circle AFCG =119°32’. 
But it was shown also that 
trey AdeC= 17°52’ 
and likewise 
trgl. AHC = 18°48’. 
And therefore, by subtraction, we shall have 
seg. ADCK = 824’, 
seg. AFCK =8°3’. 
And therefore the whole area contained by ares Al’, CD is 16°27’ where the area 


1Application is here equivalent to division. The geometric proof of this statement is simple. 
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of circle ABCD is supposed 113°6’. Thus, where the area of the sun’s circle is 12, 
the area contained by the eclipsed segment is very nearly 134 which we shall 
place in the table just mentioned, along the 3-digits row, in the second column. 
Again, in the same figure for the lunar eclipses, let ABCD be supposed the 
moon’s circle, and AFCG the shadow’s circle at mean distance. And likewise 
let there be an eclipse to 14 of the moon’s diameter so that, where diameter BD 
is 12°, diameter DF of the eclipse is 3? and diameter F'G of the shadow is 31712’ 
according to the ratio of 1” to 2°36’. And therefore 
EKH = 18°36’. 
And therefore again, of the perimeters, that of the lunar circle is 37°42’ and that 
of the shadow’s 98°1’; and, of the areas, that of the lunar circle 113°6’ and that 
of the shadow’s 764°32’. 
Now, since here it is supposed 
AE=CE=6°, 
AH—@H 315736’ 
where 
EH = 18°36’, 
therefore, if likewise we apply to EH the excess by which AH exceeds AE, we 
shall have 
Hk—EK =11°8’, 
And so 
EK =8?44’, 
Hke= 14°52’, 
and therefore 
AK=CK =4?42’, 
And consequently we shall have 
trel. AEC = 17°33’ 
and 
trgl. AHC = 69°52’. 
Again, since 
AC =9?24’ 
where 
diam. BD = 12? 
and likewise 
diam. FG =31?12’, 


and 
AC'=94? 

where : 

diam. BD=120?, 
and 

AC =36?9’ 

where 

diam. FG =120?, 
therefore 


are ADC =103°8’ 
where circle ABCD is 360°, and 
are AFC =35°4’ 
where circle AF'CG is 360°. 
And so, by means of things already said, we shall have 
sect. ABCD =32°?24’ 


where it was shown 


and 


for 


But it was shown also 


and likewise 


Numbers of Latitude 


1 
84 
84 
85 
85 
86 
86 
87 
87 
88 
88 
89 
89 
90 
90 
pt 
91 
92 
92 
93 
93 
94 
94 
95 
95 
96 


2 


276 
275 
275 
274 
274 
273 
273 
272 
272 
271 
271 
270 
270 
269 
269 
268 
268 
267 
267 
266 
266 
265 
265 
264 
264 
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circle ABCD = 113°6’; 


sect. ACH I = 74°28’ 


circle AF CG =764°32’. 


trel. AEC = 17°33’ 


trel. AWC = 69°52’. 

And therefore, by subtraction, we shall have 

seg. ADCK =14?51’, 

seg. AFCK =4°30’. 

Consequently, the whole area contained by arcs AF, CD is 19°27’ where the area 
of circle ABCD is supposed 113°6’. Where the area of the moon’s circle is 12, 
therefore, that contained by the eclipsed segment will be very nearly 245, 
which we shall place in the same table, along the 3-digits row, in the third col- 
umn belonging to the moon. And here is the exposition of the tables: 


At Greatest Distance 
Fraction of 
Digits | Immersion 


4 


8. TABLE OF SOLAR ECLIPSES 


At Least Distance 
Fraction of 


| Digits | l1mmersion 


Numbers of Latitude 


1 2 3 4 
83 36 | 276 24 0 0 0 
84 Go| 275 | 54 1 12. 57 
84 36 | 275 24 2 17s 54 
85 6 | 274 54 3 21 =28 
85 36 | 274 24 4 24 14 
86 6 | 273 54 5 26 27 
86 36 | 273 24 6 28 16 
87 6 | 272 54 if 29 45 
87 36 | 272 24 8 30 «55 
88 6 | 271 54 9 ol Sr 


88 36 | 271 24 | 10 32 3d 
89 6 | 270 54 11 30 1 
89 36 | 270 24 12 33 6 «16 
90 On) Zi.) 50 12 33-22 
90 24 | 269 36 12 33 = «16 
90 54 | 269 6 ig] 33 1 
91 24 | 268 36 10 32 «33 
91 54 ) 268 6 dl 61 
02", “Fe peor 7 Se 30 = 55 
De) TY We 2BP fh 66 29 45 
93 24 | 266 36 28 «616 


93 54 | 266 6 27 
94 24 | 265 36 24 14 
94 54 | 265 6 21 28 
95 24 | 264 36 17s 54 
95 54 | 264 6 12 57 


Ore dD Ww Som ICO © 
ho 
er) 
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Numbers of 
Latitude 
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282 
281 
281 
280 
279 
279 
278 
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274 
274 
273 
273 
272 
272 
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270 
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269 
269 
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TABLE OF CORRECTION Moon’s MAGNITUDE 
Numbers | Numbers | 
of of Sixtreths of Digits | Digits of | Digits of 
Anomaly | Anomaly Differences Sun Moon 

1 2 2) 

6 354 0 val 1 014 0% 
12 348 0 42 2 1 1% 
18 342 1 42 3 134 Qis 
24 336 2 42 4 224 314% 
30 330 4 if 5 324 413 
36 324 5 21 6 424 5% 
42 318 7 18 7 5% | 634 
48 Diz 9 15 8 i. 8° 
54 306 gl os 9 814 91% 
60 300 14 0 10 924 104% 
66 294 16 48 11 1056 114% 
72 288 19 36 12 12 1B 
78 282 22 36 
84 276 25 36 
90 270 28 42 
96 264 31 48 

102 258 34 54 
108 a2 38 0 
114 246 41 0 
120 240 id 0 
126 234 46 45 
woe 228 49 30 
138 222 ol 39 
144 216 53 48 
150 210 55 32 
156 204 57 15 
162 198 58 18 
168 192 59 2, 
174 186 59 4] 
180 180 60 0 


9. DETERMINATION OF LUNAR ECLIPSES 


Now, with these things set out beforehand, we shall study the lunar eclipses 
in this way. For we set out the resulting number of degrees of the required full 
moon for the hour of the mid-syzygy in Alexandria, both the number of degrees 
from the so-called anomalistic epicycle’s apogee and the number of degrees in 
latitude from the northern limit after determination of the addition-subtraction. 
We first carry the latitudinal number to the Tables of Lunar Eclipses, and, if it 
falls in the numbers of the first two columns, we take down separately each of 
those lying in the row with the latitudinal number in either table, both those in 
the columns of passages and those in the columns of digits. Then we carry the 
anomalistic number to the Table of Correction. And as many sixtieths as lie in 
the same row with it, just so many do we take of the difference between the 
digits and sixtieths taken down for either table, and we add this to the numbers 
gotten from the first Table. If it happens that the latitudinal number falls onlv 
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in the second Table, we set out that number of sixtieths of the digits and frac- 
tions lying in a row with them.! 

Whatever number of digits we get from this correction, we say the obscur- 
ation of the moon’s diameter at mid-eclipse embraces just so many twelfths. 
And to the resulting sixtieths in the same correction we always add 49 of them 
for the sun’s added movement. Dividing them by the moon’s hourly irregular 
movement at that time, to whatever the division comes, Just so many equatorial 
hours shall we have for each passage-time of the eclipse: those calculated from 
the fourth table giving separately the time of immersion and the time of emer- 
sion, those from the fifth the time of half the delay of occultation. The hour- 
positions at the beginnings and ends of incidence and restoration are immediate- 
ly evident from the addition-subtraction of particular passages with respect to 
the middle of the delay—that is, very nearly the time of the true full moon. And 
immediately, if we carry the twelfths of the diameter to the shortest table, we 
shall also find the twelfths of the whole areas of the moon from the correspond- 
ing numbers in the third column, and likewise those of the sun’s in the second 
column. 

Now, reason proves that the time from the beginning of the eclipse to the 
middle is not always equal to the time from the middle to the end, because of 
the irregularity of the sun and moon. Equal passages are effected for that reason 
in unequal times. But supposing these times not unequal would work no dis- 
crepancy perceptible to sense in the appearances. For even if they were near the 
mean courses where the differences of the increases are greater, a passage for the 
number of hours of a whole eclipse would make the difference of the excess in 
no way sensible. 

But we would think that probably we find the moon’s latitudinal period 
shown by Hipparchus to be mistaken, since, by his hypothesis, the surplus is less 
than the surplus between the given eclipses but greater taken according to our 
calculations, although we start from the same things. 

For he takes for this demonstration two lunar eclipses which occurred at an 
interval of 7,160 months, in both of which the quarter of the moon’s diameter 
was eclipsed at the same passage from the ascending node: the first having been 
observed in the year 2 of Mardokempad, and the second in the year 37 of the 
Third Callippic Period. Hipparchus avails himself of the same latitudinal pas- 
sage’s being contained consistently in either eclipse with respect to the demon- 
stration of return, because of the fact that the first eclipse occurred with the 
moon at the epicycle’s apogee and the second with it at the perigee, and there- 
fore of no anomalistic difference’s having resulted as he thought. But he is mis- 
taken first to this extent that, since an appreciable difference results from the 
irregularity, the regular passage is found greater than the true by an amount not 


1The obscurity here is cleared up by Theo’s Commentary. If the latitudinal number falls 
only in the second Table, we carry the anomalistic number to the Table of Correction as be- 
fore; but we take the number of sixtieths, not of the difference which does not exist in this 
second case, but of the digits and fraction of immersion found in the second Table. In the first 
case, we added the result to the digits and fraction of the first Table; here we simply take that 
fraction of the second Table’s numbers. This method is valid here because, for a latitudinal 
number to fall only in the second Table, the anomalistic number must lie between 150 and 
210. The corresponding fraction for such numbers must lie between 55/60 and 1. Then if we 
let a represent the digits or immersion at the least distance and b those at the greatest, by the 
first method we should have 55/60 (a — b) + b or 55/60 a + 5/60 b; and by the second 
method 55/60a. But b does not exist, therefore the two methods give the same result 
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equal in the two eclipses. But in the first it is by very nearly 1° and in the second 
14°, so that according to this the latitudinal period lacks 1° of whole returns 
where the moon’s oblique circle is 360°. 

Next he did not calculate the difference occurring in the magnitudes of the 
obscurations because of the moon’s distances. And the greatest possible of these 
differences occurred in the case of these eclipses because the first took place with 
the moon at its greatest distance, and the second with it at its least. For neces- 
sarily the obscuration of the same quarter part followed at a less distance from 
the ascending node at the first eclipse and at a greater at the second. We demon- 
strated that the difference between them amounts to 14%° [Tables of Lunar 
Eclipses], so that in this case the latitudinal period added just that much to 
complete returns. Now the periodic return in latitude would have erred by the 
approximately 2° of both mistakes together if both had happened to involve a 
difference towards the greater or towards the less. But since, by happy chance, 
the one makes the return fail of completion and the other makes it exceed, the 
result obtained appeared greater than the return by only the 14° of the excess 
of one error over the other. 


10. DETERMINATION OF SOLAR ECLIPSES 


Now, the study of lunar eclipses would proceed soundly, therefore, only in the 
ways we have described, with the calculations made accurate. But next we shall 
make a determination of the solar eclipses—a much harder thing to do because 
of the moon’s parallaxes. 

First we look up the time of the true conjunction in Alexandria to see how 
many equatorial hours before or after midday it occurred. Then, if the supposed 
longitude of the required region is different—that is, if its meridian is not the 
same as that through Alexandria—we add or subtract the longitudinal differ- 
ence in equatorial hours between the two meridians. And since we know how 
many equatorial hours before or after this the time of the true conjunction fell, 
we determine first the time of the apparent conjunction for the required longi- 
tude, which will be very nearly the same as the middle of the eclipse, by the 
method of parallaxes already explained. For we take out of the Table of Angles 
and the Table of Parallaxes its parallax first along the great circle drawn through 
the zenith and the moon’s centre and proper to the latitude, to the hour-interval 
from the meridian, and further to the conjunctive part of the ecliptic, and in 
addition to the moon’s distance. Always subtracting from this the sun’s parallax 
lying in the same row, we determine within the remainder, as we have shown, 
by means of the angle obtained at the intersection of the ecliptic and the great 
eircle through the zenith, the parallax computed with respect to the longitudinal 
passage alone. And we always add to this the difference of added parallax cor- 
responding to the equatorial time embraced by the first, that is of the excess, 
obtained in the same table, between the two parallaxes—one corresponding to 
the first interval of the zenith, and the other to the interval with the addition of 
the equatorial time, again using only the parts belonging to the longitudinal 
parallax alone, together with as great a part of them (if it is sensible) as they are 
of the first parallax.1 And to the degrees of the whole longitudinal parallax thus 

‘First the moon’s longitudinal parallax at the true conjunction is computed. The problem 


is to find the length of time to the apparent conjunction. The moon must move the distance 
of this parallax plus the difference between this parallax and the different parallax it will have 
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combined we shall again add 42 of them for the sun’s movement, and we shall 
reduce the result to equatorial hours by dividing by the degrees of the moon’s 
irregular hourly courses about the conjunction (for we have shown above how 
we obtain this determination). If the longitudinal parallax is eastward, we sub- 
tract the degrees we reduced to equatorial hours from the moon’s degrees al- 
ready determined separately for longitude, latitude, and anomaly at the true 
time of the conjunction, and we shall have the moon’s true passages at the time 
of the apparent conjunction. And we shall have found the number of hours by 
which the apparent conjunction precedes the true. But if the longitudinal! paral- 
lax is found to be westward, we shall then add the degrees to the passages al- 
ready determined separately for longitude, latitude, and anomaly at the true 
time of the conjunction; and we shall have the hours by which the apparent con- 
junction will follow the true. 

Now again, by the same methods, we look to see first how great a parallax the 
moon displays along the great circle drawn through itself and the zenith, at the 
apparent conjunction’s interval of equatorial hours from the meridian. And sub- 
tracting from the number of degrees found the sun’s parallax lying in the row 
with that same number, we determine within the remainder (likewise by means 
of the angle found for that time at the intersection of the circles) the latitudinal 
parallax lying along the circle at right angles to the ecliptic. The resulting num- 
ber of degrees we change to the corresponding number along the oblique circle— 
that is, we multiply them by 12. And if the latitudinal parallax is effected to the 
north of the ecliptic, we shall add the product to the latitudinal passage already 
determined for the time of the apparent conjunction, when the moon is about 
the ascending node; but we subtract it likewise when it is about the descending 
node. And if the latitudinal parallax is effected to the south of the ecliptic, con- 
trariwise we subtract the degrees resulting from the parallax from the degrees 
in latitude already determined at the time of the apparent conjunction, when 
the moon is about the ascending node; but we likewise add when it is about the 
descending node. Thus we shall have the number of apparent latitude at the 
time of the apparent conjunction. And carrying this to the Tables of Solar Eclip- 
ses, if it falls in the numbers of the first two columns, we shall say there will be 
an eclipse of the sun, whose mid-time very nearly coincides with the apparent 
conjunction. Now we set out the quantity of digits lying in the row with that 
number of apparent latitude, and also the degrees of immersion and emersion 
separately from each table. And we carry the number representing the degrees 
from the apogee of lunar anomaly to the Table of Correction. And taking as 
many sixtieths of each excess noted down as lie in the row with this number, 
we always add that much to the numbers taken from the first Table. By this 
correction we shall have the resulting digits, and in turn for that many twelfths 
of the sun’s diameter there will be an obscuration, at very nearly the mid-eclipse. 
Again, adding to the degrees of each passage 4 of them for the sun’s move- 
ment, and changing this sum into equatorial hours by means of the moon’s ir- 
regular movement, we shall have just so much time for immersion and emersion 
each, supposing no difference occurs for that time because of the parallaxes. 

But since there is a sensible inequality about these times, because of the 
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when it has moved the first parallax; and so on in an unending series. The approximation is 
good enough after the first or second time. To this, of course, must be added also the move- 
ment of the sun during this time. 
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moon’s parallaxes and not because of the luminaries’ irregularity, according to 
which both the immersions and emersions predicted turn out to be greater and 
in general unequal to each other, we shall not know this, even if it happens to be 
small. Now this circumstance arises from there always being in the moon’s ap- 
parent passage certain regressive appearances due to the parallaxes, as if it 
were not shifted by its proper movement forward to the east. For if it appears to 
be passing before the meridian, rising little by little and displaying a continually 
shorter parallax eastward, it appears to move more slowly forward to the east. 
And if it be passing beyond the meridian, descending now little by little and 
displaying a continually longer parallax westward, likewise it will again appear 
to move more slowly forward to the east. Now, because of this, the aforesaid 
times will always be greater than those taken simply. And since the difference 
in the excesses of the parallaxes is always greater in the passages nearer the 
meridian, the times of the eclipses near the meridian are fulfilled more slowly. 
For this reason, whenever the mid-eclipse falls at. midday, then only is the time 
of immersion very nearly equal to that of emersion, since the regressive ap- 
pearance due to the parallaxes happens then to be very nearly equal on either 
side. But, when it precedes midday, then the time of emersion being nearer the 
meridian becomes greater; and when it follows midday, then the time of im- 
mersion being nearer the meridian becomes greater. 

Now, in order to make this correction of the times, we shall look, in the way 
we demonstrated, for the time worked out before this correction for each of the 
passages set out, and for the distance from the zenith at the mid-eclipse. 

For example, let either time be one equatorial hour and the distance from the 
zenith 75°. Now we shall look in the Parallactic Table for the sixtieths of paral- 
lax corresponding to the number of 75°, with the moon, for instance, at its 
greatest distance, at which distance those in the third column are taken. And 
we find 52 sixtieths corresponding to 75°. Since both the time of immersion and 
the time of emersion are supposed one equatorial hour considered in mean 
terms, or 15° in time, therefore subtracting these from the 75° of the distance, 
we find, in the same column, 47 sixtieths of parallax corresponding to the re- 
maining 60°, so that at the mid-passage near the meridian there results from the 
parallax a regression of 5 sixtieths. Now adding these to the 75° we find in the 
same column, corresponding to the sum of 90°, the 531% sixtieths of the whole 
parallax, so that here the regression of the passage near the horizon comes to 
1/4 sixtieths. Now taking from these differences the correspondences in longi- 
tude, and reducing each in turn to a part of an equatorial hour by means of the 
moon’s irregular movement, as shown, we shall add the result from each, proper- 
ly to each of the times taken in mean and simple terms, the greater to the time 
at the passage nearer the meridian and the less to the time at the passage nearer 
the horizon. And it is clear that the difference of these times was 31% sixtieths or 
very nearly 1¢ of one equatorial hour, for the moon will move just that many 
sixtieths of mean movement in that much time. There is then left the easy task, 
if we wish, of reducing the equatorial hours for each interval to the particular 
seasonal hours in the way we have already shown above. 


11. On THE DIRECTIONS IN THE ECLIPSES 


The examination of the directions of the obscurations comes next. And this 
study is established both from the direction of the obscurations with respect to 
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the ecliptic, and from the inclination of the ecliptic to the horizon. Either of 
these in each of the ecliptic times would suffer the greatest indefinite variation 
at the shifts if one wished to work out the inclinations which would take place 
during the whole time; but such prediction is neither necessary nor useful. For 
the ecliptic’s configuration relative to the horizon is considered from the posi- 
tion of its rising and setting points at the horizon; and necessarily throughout 
the time of the eclipse, as different parts of the ecliptic become continuously 
rising and setting, the sections of the horizon bounded by them become con- 
tinuously different. Likewise the inclination of the obscurations relative to the 
ecliptic is considered along the great circle drawn through both centres, the 
moon’s and the sun’s or shadow’s; and again necessarily, throughout the passage 
of the moon’s centre at the time of the eclipse, the circle drawn through both 
centres also takes a position continuously other relative to the ecliptic and 
makes the angles contained by their intersection continuously unequal. 

Now, since this examination will be sufficient if it is taken for only the ob- 
scurations having some significance and more generally for the ares considered 
relative to the horizon, it will be possible for those appraising the situation with 
their eyes to estimate immediately the particular directions by attending to both 
inclinations. For, as we said, in these matters a general judgment is sufficient. 
Yet, not to pass over this subject entirely, we shall try to expound ways as easy 
as possible for getting at this. 

Of the obscurations, we have chosen as significant markings that of the first 
part eclipsed, which occurs at the beginning of the whole time of eclipse; that 
of the last part eclipsed, which occurs at the beginning of the time of delay; that 
of the greatest part eclipsed, which occurs at the mid-eclipse without the delay; 
that of the first part restored, which occurs at the end of the whole time of delay; 
and that of the last part restored which occurs at the end of the whole time of 
eclipse. And of the directions we have chosen again, as the more reasonable and 
expressible, those defined by the meridian and by the risings and settings of the 
ecliptic’s equinoxial and tropic points. For the principle of directions could be 
differently understood by many people at many times, and could, if one wished, 
be designated by the given angles of the horizon. Now of the intersections of the 
meridian with the horizon, let us understand by d&px7o the northern, and by 
peonuBptos the southern; and of the rising and setting intersections, let us under- 
stand by equatorial rising and setting those intersections made with the horizon 
by the beginning of the Ram and of the Balance and which are always an equal 
quadrant from those produced at the meridian; by summer rising and setting, 
those made by the beginning of the Crab; and, by winter rising and setting, 
those made by the beginning of the Goat. These intervals are different according 
to latitude, and the determination of the directions is sufficient when they have 
been shown to be either at or between these limits. 

Therefore, to have every configuration of the ecliptic with the horizon, we cal- 
culated (in the first part of the Composition as already shown) the intervals 
produced on the horizon at risings and settings by the beginning of each one of 
the dodecatemories either side of the intersections produced by the equator and 
for each latitude from the Borysthenes to Meroé for which we laid out the 
angles. And, for an easy understanding, we have drawn, instead of a table, 8 
concentric circles conceived in the horizon’s plane and containing the intervals 
and names of the 7 latitudes. Then, drawing two straight lines through all the 
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circles at right angles to each other—the horizontal one as the common section 
of the planes of the horizon and equator, and the vertical one as the common 
section of the planes of the horizon and meridian—we have designated the ex- 
tremities of the horizontal line at the outside circles as equatorial rising and 
equatorial setting; and of the vertical line as north and south. Likewise we have 
drawn straight lines at equal intervals on either side of the equatorial line and 
again through all the circles, and we have placed on the lines within the seven 
intervals the distances, found for each latitude, of the tropic points from the 
equator along the horizon, a quadrant being 90°. On those at the inner extremi- 
ties of the circles we have placed, to the south, winter rising and winter setting; 
and to the north, summer rising and summer setting. For the intervening do- 
decatemories (further inserting, within each of the four intervals, two other 
lines) we have placed on these also the distances along the horizon from the 
equator for the particular dodecatemories, with the name of each written at the 
outside circle. And about the meridian line we have indicated the names of the 
parallels, the hourly magnitudes, and the heights of the pole, making the list in 
order of northerliness from the greater and encompassing circle. 

In order that we may also have set out the apparent directions of the ob- 
scurations with respect to the ecliptic (that is, the angles produced at each of 
the aforesaid markings by the intersection of the ecliptic and the great circle 
through both the centres indicated), we calculated them for each of the moon’s 
passages for differences of 1 digit of obscuration, and only for those at the mean 
distance as being sufficient. And it is supposed the arcs of the ecliptic and of the 
moon’s oblique circle are sensibly parallel in the obscurations. 

For, again as an example, let there be the straight line AB in place of the 

ecliptic’s arc, and on it let A be supposed the 
centre of the sun or shadow. And let there be 
the straight line CDE in place of the arc of the 
moon’s oblique circle. And let C be the point 
where the moon’s centre lies at mid-eclipse; D 
the point where again its centre will be when 
the whole moon is first eclipsed or first begins 
to be restored (that is, when it touches the 
shadow’s circle from within); and £ the point 
where its centre lies when either the sun or 
moon first begins to be eclipsed or finishes 
being restored—that is, when the circles touch each other from without. And 
let AC, AD, and AE be joined. 

Now, it is evident that the angles BAC and ACE embracing the mid-eclipses 
are sensibly right, that angle BAF contains that at the first part eclipsed and 
the last part restored, and that angle BAD contains that at the last part eclipsed 
and the first part restored. It is also immediately clear that the line AE em- 
braces the radii of both circles, and AD their difference. 

Now as an example, let the eclipse be supposed one in which at the middle the 
half of the sun’s diameter will be obscured. And let A be the sun’s centre, so 
that, by supposing the moon at its mean distance, 

AE =32°20’; 
and, since it is less by half the sun’s diameter, 
AC= 16°40’, 
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Since, then, according to the given magnitude of the obscuration, 


AC = 16°40’ 
where 
hypt. AE =32°20’, 
therefore 
AiG’ = 619514 
where 


hypt. AE =120°; 
and, where the circle about right triangle ACE is 360°, 
are AC =62°2’. 
And so also 
angle BAE=angle AEC 
=§2°2' to Qunt! 
=8i" ie 
Again, for the lunar eclipses, let A be the shadow’s centre, so that, since the 
moon’s mean’s distance is likewise supposed, always 
AE=60?, 
and likewise 
AD =26°40’. 
And let the moon be eclipsed to 18 digits, so that again AC is less than AD by 
half the diameter, and by subtraction 
AC=10?. 
Since, then, 
AC =20? 
where 
hypt. AH =120?, 
and, where the circle about right triangle ACE is 360°, 
arc AC =19°12’; 
therefore 
angle BAH =angle AEC 
110° 124 to 2 7ti 
= 9°36’. 
And, likewise, since 
AC=45? 
where 
hypt. AD=120?, 
and, where the circle about right triangle ACD is 360°, 
arc AC =44°2’; 
therefore 
angle BAD=angle ADC 
= 4492 bei irk! 
eee 
Then, in the same way, in the case of the other digits taking the sizes of the 
angles less than a right angle which is 90° (and which is also what a quadrant of 
the horizon is taken to be), we arranged a table in 22 rows and 4 columns. The 
first column contains the digits of the diameter’s obscuration found at the mid- 
eclipse; the second contains the angles produced in solar eclipses at the time of 
the first part eclipsed and the last part restored; the third contains the angles 
produced in lunar eclipses at the time of the first part eclipsed and the last part 
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restored; and the fourth contains the angles produced, again in lunar eclipses at 
the time of the last part eclipsed and the first part restored. And here are the 
diagrams of the table and of the circles: 


12. EXPOSITION OF THE DIAGRAMS FOR THE DIRECTIONS 


oe | 2 3 4 
Sun’s Moon’s 
First Point of First Point of Last Point of 
Eclipse and Last | Eclipse and Last | Eclipse and First 
Digits | Point of Emersion | Point of Emersion | Point of Emersion 


0 90 0 90 0 

1 66 50 72 30 

2. 56 59 65 10 

3 49 16 59 27 

4 42 36 54 27 

5) 36 35 50 14 

6 31 1 46 15 

if 25 46 42 31 

8 20 44 39 2 

9 15 51 35 42 
10 11 6 32 29 
11 6 25 29 23 
12 1 47 26 23 90 0 
13 23 28 63 37 
14 20 36 52 24 
15 17 48 43 26 
16 15 1 35 41 
17 12 18 28 38 
18 “ 36 22 1 
19 6 55 15 43 
20 4 15 M 36 
21 1 36 3 35 


13. DETERMINATION OF DIRECTIONS 


We now have in our hands, already determined in the way we showed, the 
times of each of the given markings; from the times, of course, the ecliptic’s ris- 
ing and setting parts at those times; and from the figure, their positions on the 
horizon. And whenever the moon’s centre (either the apparent as for the solar 
eclipses, or the true as for the lunar) is on the ecliptic, we shall have, from the 
horizon-position of the part then setting, the direction of the sun’s first part 
eclipsed and, further, the direction at the moon’s last part eclipsed and restored. 
Moreover, from the horizon-position of the part then rising, we shall have the 
direction of the sun’s last part restored and, further, the direction of the moon’s 
first part eclipsed and restored. 

But whenever the moon’s centre is not on the ecliptic, we take the numbers of 
the angles lying in the same row and proper to the number of digits, counting 
them from the common sections of the horizon and ecliptic. If the moon’s centre 
is north of the ecliptic, for the sun’s first part eclipsed and for the moon’s last 
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part eclipsed, we count them northward from the setting intersection; for the 
sun’s last part restored and the moon’s first part restored, northward from the 
rising intersection; and again, for the moon’s first part eclipsed, southward from 
the rising intersection, and, for the moon’s last part restored, southward from 
the setting intersection. And if the moon’s centre is south of the ecliptic, for the 
sun’s first part eclipsed and the moon’s last part eclipsed, we count them south- 
ward from the setting intersection; for the sun’s last part restored and the 
moon’s first part restored, southward from the rising intersection; and again, 
for the moon’s first part eclipsed, northward from the rising intersection, and, 
for the moon’s last part restored, northward from the setting intersection. We 
shall thus have, established from this correction, that part of the horizon in gen- 
eral to which are directed the parts of the luminaries receiving the first and last 
markings of the eclipses and restorations. 


—— NN 


BOOK SEVEN 


1. TuHat THE FIxeD Stars ALWAYS KEEP THE SAME POSITION 
WITH Respect To HacH OTHER 


So far in this treatise, Syrus, we have gone through the accidents relative to 
the right and oblique sphere, and then those relative to the hypotheses of the 
movements of the sun and moon and of the configurations considered according 
to those movements. Now, for the theory to follow, we shall begin a discussion 
of the stars—and first, naturally, of those called fixed. 

This must first of all be understood: that, as far as this term is concerned, be- 
cause the stars always appear to keep similar figures and equal distances with 
respect to each other, we would do well to call them ‘“‘fixed.”’ But, because the 
whole sphere of them, on which they hang (as it were) and revolve, appears it- 
self to move eastward toward the prime movement’s rising with a proper ordered 
motion, it would not be right to call that sphere ‘‘fixed.’”’ For we find both of 
these views to be true, judging from the results of a great stretch of time. And 
Hipparchus first, from the appearances he had, suspected both of these things; 
but for the most part conjectured rather than affirmed them because of the very 
few observations on the fixed stars that had been made before him, which were 
only those recorded by Aristyllus and Timocharis and which were uncertain and 
not worked over. And we, from a comparison of what is observed now with what 
was observed then, have come to the same conclusion, but more sure because 
the examination has taken place over a longer time, and because Hipparchus’ 
own laborious records concerning the fixed stars (with respect to which we, for 
the most part, made the comparisons) have been furnished us. 

If the present appearances agree with the records of Hipparchus, then it 
would be clear to anyone wishing to pursue the investigation and truthfully 
examine, that no change has hitherto taken place in their position with respect 
to each other, but the configurations observed by Hipparchus are seen to be 
absolutely the same now. This is true not only of those inside the zodiac with 
respect to each other or those outside (which would be the case if, as Hipparchus 
first supposed, only those stars around the zodiac made an eastward change in 
the order of the signs) but also of those inside with respect to those outside and 
far off. 

And we shall now set out here, for an easy test, a few of the records which can 
be most readily grasped and which can bring to view the complete comparison 
by which it is shown that the observed configurations contained by those out- 
side are the same with respect to each other and those inside the zodiac. 

In the case of the stars in the Crab, he writes that the star in the southern 
claw of the Crab, the bright star west of this and of the head of the Water Snake 
[Hydra], and the bright star among those in the Little Dog [Procyon] are very 
nearly on the same straight line. For the middle one lies to the north and east 
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of the straight line between the ends of 11% digit, and the distances between are 
equal. 

In the case of the stars in the Lion, he writes that, of the four in the Lion’s 
head, the eastern two and the one at the beginning of the Water Snake’s neck 
are on the same straight line; and again, that the straight line drawn through 
the Lion’s tail and the star at the tip of the Bear’s tail leaves the bright star 
under the Bear’s tail 1 digit to the west; likewise that the straight line through 
the star under the Bear’s tail and through the Lion’s tail joins the western stars 
in Berenice’s Hair. 

In the case of the stars in the Virgin, he says that, between the Virgin’s 
northern foot and the Ploughman’s [Bodtes] right foot, lie two stars of which 
the southern and bright one (like that in the Ploughman’s foot) lies west of the 
straight line through the feet, and the northern and half bright one is on a 
straight line with the feet. He further says that, west of the half bright one of 
these two, there are two bright ones making with it an isosceles triangle whose 
vertex is the half bright one; and they are on a straight line with Arcturus and 
the Virgin’s southern foot. Again, he says that between Spica and the second 
from the end of the Water Snake’s tail lie three stars in a straight line with one 
another; and the middle one of these is in a straight line with Spica and the 
second star from the end of the Water Snake’s tail. 

In the case of the stars in the Balance [1.e., the claws of the Scorpion], he says 
that very nearly in a straight line with the bright stars of the Balance, to the 
north, is a bright triple star. For on each side of it lies a small one. 

In the case of the stars of the Scorpion, he says that the straight line drawn 
through the eastern one in the center of the Scorpion and through the right knee 
of Serpentarius bisects the distance between the western stars in the right foot 
of Serpentarius. He also says that the fifth and seventh joints are in a straight 
line with the bright star in the middle of the Censer [Ara]; moreover, that the 
more northern of those in the Censer’s base is almost in a straight line with the 
fifth joint and the star in the middle of the Censer, being nearly equidistant 
from both. 

In the case of the stars in the Archer, he says that in the Circle [Southern 
Crown] under the Archer toward the east lie two bright stars about three cubits 
from each other; moreover, that the more southern and brighter, in the Archer’s 
foot, is very nearly in a straight line with the middle star of those three bright 
ones in the Circle lying eastward and with the eastern star of the opposite 
bright ones in the Quadrilateral; and the two distances between them are equal. 
The northern one of them is off the straight line to the east, but is in a straight 
line with the bright and opposite ones in the Quadrilateral. 

In the case of the stars in the Water Bearer, he says that the two consecutive 
stars in the Horse’s head and the eastern shoulder of the Water Bearer are very 
nearly in a straight line, to which is parallel the straight line drawn from the 
western shoulder of the Water Bearer to the star in the Horse’s Jaws. And again 
he says that the Water Bearer’s western shoulder and the bright star of the two 
in the Horse’s [Pegasus] throat and the star in the horse’s navel are in a straight 
line, and the distances equal; and that the straight line through the Horse’s 
muzzle and through the eastern star of the four in the Urn very nearly bisects at 
right angles the straight line between the two consecutive stars in the Horse’s 
head. 
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In the case of the stars in the Fishes, he says that the star in the mouth of the 
southern Fish, the bright star in the Horse’s shoulders, and the bright star in his 
breast are in a straight line. 

In the case of the stars in the Ram, he says that the western star of the Tri- 
angle’s base lies one digit east of the straight line drawn through the star in the 
Ram’s jaw and the left foot of Andromeda; and also that the western stars in 
the Ram’s head and the midpoint of the Triangle’s base are in a straight line. 

In the case of the stars in the Bull, he says that the eastern stars of the Hyades 
and the sixth star, counting from the south, of the hide which Orion holds in his 
left hand are in a straight line; and that the straight line drawn through the 
Bull’s western eye and the seventh from the south of those in the hide leaves the 
bright star of the Hyades a digit to the north. 

In the case of the stars in the Twins, he says that in a straight line with the 
Twin’s heads there is a star east of the eastern head by a distance three times 
that between the heads, and that this same star is in a straight line with the 
more southern of those about the little nebula. 

Now, in these and similar configurations affording a comparison for nearly 
the whole sphere we see nothing changed up to now. And such a change would 
have been certainly sensible in the intervening two hundred and sixty years if 
only those stars about the ecliptic had made a movement to the east. 

In order that those after us may make a comparison over a longer time from 
more configurations of the same kind, beginning with the stars in the Ram, we 
shall also set out those configurations most easily grasped of all those not given 
in the older record but obtained by us. 

Now, of the three stars in the Ram’s head the more northern two, the bright 
one in the southern knee of Perseus and the star called Capella are in a straight 
line. Again the straight line joining Capella and the bright star of the Hyades 
[Aldebaran] leaves a little to the east the star in the Charioteer’s [Auriga] west- 
ern foot. And Capella, and the star common to the Charioteer’s eastern foot and 
the northern end of the Bull’s horns, and the star in Orion’s western shoulder 
are in a straight line. Again, the bright stars in the Twins’ heads and the bright 
star in the Water Snake’s throat are very nearly in a straight line. Yet again, 
the two consecutive stars in the Bear’s forefoot, the star at the top of the Scor- 
pion’s northern claw, and the more southern of the Asses are in a straight line. 
Likewise the southern Ass, the bright star in the Little Dog [Procyon], and the 
bright star between them, west of the Water Snake’s head, are very nearly in a 
straight line. Furthermore, the straight line drawn from the middle star of the 
bright ones in the Lion’s throat to the bright star in the Water Snake leaves the 
star of the Lion’s heart a little to the east. The straight line from the bright star 
in the Lion’s loin to the bright star in the back of the Bear’s thigh, which is south 
of the eastern side of the quadrilateral, leaves a little to the west the two con- 
secutive stars in the Bear’s eastern foot. Again, the straight line from the star 
in the back of the Virgin’s thigh to the second star from the end of the Water 
Snake’s tail leaves a bit to the west the star called Spica. The straight line from 
Spica to the star in the Ploughman’s head leaves Arcturus a bit to the east. 

Spica and the stars on the Raven’s wings are in a straight line. Spica, the star 
in the back of the Virgin’s thigh, and the bright northern star in the Plough- 
man’s western calf are in a straight line. Again, the bright stars in the Balance 
and the star at the tip of the Water Snake’s tail are very nearly in a straight 
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line. The bright star in the southern Claw, Arcturus, and the middle star of the 
three in the Big Bear’s tail are ina straight line. The bright star in the northern 
Claw, Arcturus, and the star in the back of the Bear’s thigh are in a straight line. 
Again the star on the eastern shin of Serpentarius, the star in the Scorpion’s 
fifth joint, and the western star of the two consecutive ones in its centre are in a 
straight line. The western star of the three in the Scorpion’s breast and the two 
in Serpentarius’ knees makes an isosceles triangle, whose vertex is the western 
star of the three in the breast. Again, the star on the Archer’s southern and 
forward ankle and of second magnitude, the star on the barb, and the star in 
Serpentarius’ eastern knee are in a straight line. The star in the knee of the 
Archer’s same foot, near the Crown, the star on the barb, and the star in Ser- 
pentarius’ western knee are in a straight line. Again, the straight line joined 
from the bright star [Vega] in the Lyre to the star in the Goat’s [Capricorn] 
horns leaves a little to the east the bright star in the Eagle [Aquila]. The straight 
line from the bright star in the Eagle to the star of the first magnitude in the 
mouth of the southern Fish nearly bisects the distance between the two bright 
stars in the Goat’s tail. Moreover, the straight line from the star of the first 
magnitude in the mouth of the southern Fish to the star in the Horse’s muzzle 
leaves a little to the east the bright star in the Water Bearer’s eastern shoulder. 
Again, the stars in the mouths of the two southern Fishes and the western stars 
of the square in the Horse are in a straight line. 

And finally, if one should compare these configurations with those of the con- 
stellations on Hipparchus’ solid sphere, he would find the positions gotten by 
the observations of that time and recorded on the sphere to be very nearly the 
same as those gotten now. 


2. THAT THE SPHERE OF THE Fixep Stars Makes A MovEMENT 
EASTWARD ON THE ECLIPTIC 


By means of the foregoing and similar comparisons we can show that the re- 
lation and movement of the so-called fixed stars is one and the same. And that 
their sphere makes its own proper movement in the direction contrary to the 
motion of the whole—that is, eastward in the order of the signs from the great 
circle drawn through both sets of poles, those of the equator and those of the 
ecliptic—becomes evident to us especially through the fact that the same stars 
do not keep the same distances formerly and in our time with respect to the 
tropic and equinoctial points, but are always found in later times to be a greater 
distance eastward than the first from those same points. 

For Hipparchus, in his treatise On the Precession of the Tropic and Equinoctial 
Points, compares the lunar eelipses from those carefully observed by him and 
from those observed earlier by Timocharis, and he calculates that Spica is 6° 
west of the autumn equinox in his time, but very nearly 8° in the time of 
Timocharis. Finally he says this: ‘If then, for example, Spica was formerly 8° in 
longitude west of the fall equinox, and is now 6° west”’ and so forth. And simi- 
larly, in the case of the other planets of which he made a comparison, he shows 
just about the same eastward shift accomplished. And we, comparing the ap- 
parent distances of the fixed stars relative to the tropic and equinoctial points, 
in our time with those observed and recorded by Hipparchus, find their shift 
eastward along the ecliptic the same proportionately to the foregoing one. This 
research we have made by means of the instrument we prepared for the obser- 
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vation of the moon’s particular elongations from the sun, placing one circle of 
the astrolabe at the moon’s apparent passage falling at the hour of the observa- 
tion, and carrying the other circle to the star being sighted so that the moon and 
star may be sighted together in their proper places. And thus, from its distance 
to the moon, we get the position of each one of the bright stars. 

For one example, in the year 2 of Antonine, Egyptianwise Pharmouthi 9, as 
the sun was about to set in Alexandria and the last section of the Bull was cul- 
minating (that is, 514 equatorial hours after noon of the ninth) we observed the 
apparent moon to be 921° from the sun which was sighted about 3° within the 
Fishes. And a half hour after the sun had set, with the first quarter of the Twins 
culminating and the apparent moon sighted in the same position as before, the 
star in the Lion’s heart [Regulus] appeared, with the aid of the other circle of 
the astrolabe, to be 574%° from the moon eastward along the ecliptic. But in the 
first observation the sun’s true position was very nearly 3140° within the Fishes, 
so that the apparent moon was then a distance of 9214° eastward or very nearly 
514° within the Twins, where, according to our hypotheses, it should have been. 
A half hour later, the moon must have moved eastward very nearly 14° and 
have displayed a westward parallax of very nearly 42° at the first position. 
Therefore the half hour after the apparent moon was 514° within the Twins, so 
that the star in the heart (since it appeared to be 5714° eastward from it) was 
situated 214° within the Lion, and was a distance of 3214° from the summer 
tropic. 

But in the year 50 of the Third Callippic Period, as Hipparchus observes and 
records, it [Regulus] was then (29+14+4)° eastward from the same summer 
tropic point. Therefore, the star in the Lion’s heart had shifted eastward along 
the ecliptic 224° in the years from Hipparchus’ observation to the beginning of 
Antonine’s reign when we observed most of the passages of the fixed stars, a 
period which comes to about 265 years. And so from this it is found that there is 
an eastward shift of 1° in very nearly 100 years, as Hipparchus seems to have 
guessed when he says his treatise On the Magnitude of the Solar Year: “If for this 
cause the tropics and equinoxes shifted westward not less than 1490° in a year, 
then they would have to shift not less than 3° in 300 years.”’ And having sighted 
Spica and the brightest stars about the ecliptic in their distance from the moon 
in this same way, then finally from these more accessible ones the other also, we 
find their distances with respect to each other very nearly the same as those 
observed by Hipparchus but their distances with respect to the tropic and equi- 
noctial points to have shifted eastward very nearly 214° compared to the record 
of Hipparchus. 


3. THAT THE EASTWARD MOVEMENT OF THE SPHERE OF THE FIXED STARS 
Takes PLace ABowuT THE POLE oF THE Ecuiptic! 


It has now become clear to us that the sphere of the fixed stars makes an 
eastward motion of very nearly this amount. And the next thing is to find out 
the direction of this movement—that is, whether it takes place about the poles 
of equator or of the ecliptic. And this would become evident to us from the 

1The history of the interpretation of the appearance called the precession of the equinoxes 
is one of the most beautiful in the development of astronomy and physics. 


In the Copernican theory, it is explained by having the restoration of the annual declina- 
tion of the earth’s axis with respect to the plane through the earth and the sun anticipate the 
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longitudinal shift. For the great circles drawn through the poles of one of these 
cut off unequal ares on the other unless the difference due to this cause should 
be altogether indistinguishable to the senses because of such a small shift’s 
taking place in this amount of time. But it would be very easily gotten from 
their latitudinal shift then and now. For with respect to whichever of the circles, 
the equator or ecliptic, they always appear to keep their latitudinal distances, 
it is clear that the movement of the sphere will be effected about that circle. 

Now Hipparchus also agrees to the movement’s being about the ecliptic’s 
poles. For in his treatise On the Precession of the Tropic and Equinoctial Points 
he in turn concludes, from the things observed by Timocharis and by himself, 
that Spica keeps unchanged; not relative to the equator, but relative to the 
ecliptic, the magnitude of its latitudinal distance of 2° south of the ecliptic. 
Therefore in his treatise On the Magnitude of the Solar Year he supposes only the 
movement about the poles of the ecliptic. And yet he still has doubts, as he him- 
self says, because the trustworthy observations of Timocharis have not been 
taken in a general enough way and because the intervening time has not been 
long enough for a conclusive observation. 

However, since we find over a longer time and for nearly all the fixed stars 
just this thing, we can reasonably suppose their movement about the poles of 
the ecliptic to be fairly sure. For, observing the latitudinal distance of each on 
the great circle drawn through its poles, we find nearly the same distances con- 
tained as were recorded and brought together by Hipparchus, or else disagreeing 
so little that the discrepancy could be neglected as the result of the observations 
themselves. But in the case of the distances observed with respect to the equator 
along the great circle drawn through its poles, neither do we find those gotten 
by us agreeing with those recorded in the same way by Hipparchus, nor these 
with those gotten still earlier by Timocharis. And from these themselves we 
find even more thoroughly confirmed the identity of the latitude with respect to 
the ecliptic. For the stars in the hemisphere from the winter tropic through the 
spring equinox to the summer tropic are always found farther north than the 
earlier distance with respect to the equator; but those in the opposite hemi- 
sphere farther south, those near the equinoctial points having greater differ- 
ences, and those near the tropic points having less—almost in proportion as the 
ecliptic’s eastward sections in their longitudinal progression get farther north 
or farther south of the equator. 
restoration of the earth’s centre in its revolution about the sun. Copernicus thought there 
was an irregularity in the rate of the precession. Neither Ptolemy nor the moderns find this 
appearance. 

In Newton’s Principles, the precession is deduced by an extraordinary analogy with the 
three body problem in the famous Proposition 66 of Book I, particularly in the first eleven 
corollaries and in Corollaries 20, 21, and 22. 

It is in this last corollary also that it is brought out that from Newtonian principles it must 
follow that the rotation of a body on its axis is a regular motion and no centripetal force will 
change the velocity of this rotation. Thus the Ptolemaic assumption of the regularity of the 
two motions which made up the apparent motion of the fixed stars is, at least for the first one, 
in effect the same as the Newtonian. The astronomers before Hipparchus had simply con- 
sidered the revolution of the fixed stars as regular. 

The choice of regular motion is one that is arbitrary. But the very fact that one can and 
must choose a regular motion, and that the apparent motions are so ambiguous as to allow 


any one of them to be chosen as such is the sign for St. Augustine that points to a non-sensib le 
theory of time and of memory. See the Confessions, Books x and x1. 
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In order to state this more clearly in a few easily understood cases, we shall 
set out, for either hemisphere, their recorded latitudinal distances from the 
equator along the great circle drawn through its poles, those gotten by Tim- 
ocharis, those by Hipparchus, and those gotten in the same way by ourselves. 

Now, Timocharis records the bright star in the Eagle [Altair] as being 545° 
north of the equator, and Hipparchus the same; but we find it to be (6+4+ 
14)°. And Timocharis records the centre of the Pleiades as being 1414° north of 
the equator, Hipparchus 151°, and we find it to be 1614°. Again, Timocharis 
records the bright star of the Hyades [Aldebaran] as being (8-+14+14)° north 
of the equator, and Hipparchus (9+14+14)°, and we find it to be 11°. Aristyllus 
records the brightest star in the Charioteer, called the Goat [Capella] as being 
40° north of the equator, Hipparchus 4024°, and we find it to be 414°. Tim- 
ocharis records the star in the western shoulder of Orion as being 144° north of 
the equator, Hipparchus 144°, and we find it to be 214°. Timocharis records the 
star in the eastern shoulder of Orion [Betelgeuse] as being (8-+14+14)° north of 
the equator, Hipparchus 414°, and we find it to be 514°. Timocharis records the 
bright star in the Dog’s mouth [Sirius] as being 1614° south of the equator, 
Hipparchus 16°, and we find it to be (15+14+14)°. Aristyllus records the 
western star of the bright ones in the Twins’ heads [Castor] to be 33° north of 
the equator, Hipparchus 33)%°, and we find it to be 332°. And Aristyllus re- 
cords the eastern one [Pollux] as being 30° north of the equator, Hipparchus the 
same, and we find it to be 3016°. 

Of all these distances intercepted longitudinally within the hemisphere con- 
taining the spring equinox, the later ones have become all more northern in lati- 
tude with respect to the equator than the earlier ones, those near the tropic 
sections by a very small amount and those near the equinoctial sections by a 
considerable amount. This is consequent upon the precession eastward about 
the ecliptic’s poles, because the eastward sections of this semicircle always get 
more northern than the western, those near the equinoctial points with greater 
differences and those near the tropic points with smaller. 

In the opposite hemisphere, Timocharis records the star in the Lion’s heart 
[Regulus] as being 2114° north of the equator, Hipparchus 2024°, and we find 
it to be (19+4%+4)°. Timocharis records Spica as being 124° north of the 
equator, Hipparchus only 34°, and we find it to be 44° south of the equator. 
Aristyllus records that of the three stars in the Big Bear’s tail the one at the tip 
is 6114° north of the equator, Hipparchus (60+14+14)°, and we find it to be 
592°. Aristyllus records the second from the end, in the middle of the tail, as 
being 6714° north of the equator, Hipparchus 6614°, and we find it to be 65°. 
Aristyllus records the third from the end, at the beginning of the tail, as being 
6814° north of the equator, Hipparchus 673<¢°, and we find it to be 664°. Tim- 
ocharis records Arcturus as being 31)4° north of the equator, Hipparchus 31°, 
and we find it to be (29+-14+14)°. Timocharis records that, of the bright stars 
in the Scorpion’s claws, the one in the southern tip is 5° south of the equator, 
Hipparchus 534°, and we find it to be 74%°. Timocharis records the star in the 
tip of the northern claw as being 114° north of the equator, Hipparchus only 
%,°, and we find it to be 1° south of the equator. And Timocharis records the 
bright star in the Scorpion’s breast, called Antares, as being 1814° south of the 
equator, Hipparchus 19°, and we find it to be 2014°. 

Now, of all these passages, in the opposite way, the later have become propor- 
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tionately more southern in latitude with respect to the equator than the earlier. 
Therefore it could be concluded that the eastward longitudinal shift of the 
sphere of the fixed stars is 1°, as we said before, in very nearly 100 years, and 
224° in the 265 years between the observation of Hipparchus and our own. And 
this conclusion is reached through the latitudinal difference found for those stars 
about the equinoctial points. 

For the centre star of the Pleiades, found by Hipparchus to be 151° north 
of the equator and by us 1624°, has become more northern in the intervening 
time by 142°. And the 224° on the ecliptic for stars at the end of the Ram, re- 
sulting from the eastward longitudinal shift over the same amount of time, 
gives just that difference in latitude with respect to the equator. Again, the star 
ealled Goat [Capella], found by Hipparchus to be 402¢° north of the equator 
and by us 411°, has become more northern by 45°, the 224° on the ecliptic for 
stars at the middle of the Bull again giving just that difference in latitude with 
respect to the equator. In the western shoulder of Orion, the star found by Hip- 
parchus to be 146° north of the equator and by us 214° has become more north- 
ern by very nearly 24°, the 224° on the ecliptic for stars two-thirds within the 
Bull giving just that difference in latitude with respect to the equator. 

Likewise for the opposite hemisphere, Spica, found by Hipparchus to be 3%° 
north of the equator and by us 14° south, has become more southern by 1449°. 
Again, the 224° on the ecliptic for stars at the end of the Virgin give just that 
difference in latitude with respect to the equator. The star at the tip of the Big 
Bear’s tail, found by Hipparchus to be 6034° north of the equator and by us 
5924°, has become more southern by 114°; and the 224° on the ecliptic for stars 
at the beginning of the dodecatemory of the Balance give just this difference in 
latitude with respect to the equator. And Arcturus, found by Hipparchus to be 
31° north of the equator and by us (29+14+14)°, has become more southern by 
11°, the 224° on the ecliptic for stars at the beginning of the Balance likewise 
giving very nearly this difference in latitude with respect to the equator. 

And what is required will be even clearer to us from the following observa- 
tions. 

For Timocharis, having observed these things in Alexandria, records that in 
the year 47 of the first Callippic Period of 76 years (Anthesterion 8, Egyptian- 
wise Athyr 29), at the end of the third hour, the southern half of the moon ap- 
peared to have advanced eastward one-third or one-half the way through the 
Pleiades, in true position. And this date is the year 465 of Nabonassar, Egyp- 
tianwise Athyr 29-30, 3 seasonal hours before midnight and 314 equatorial 
hours. For the sun was 7° within the Water Bearer, and with respect to regular 
solar days the amount of time before midnight adds up to that many hours. 
According to hypotheses already demonstrated by us, the moon at that hour 
had its true position 0°20’ within the Bull—that is, it was 30°20’ from the spring 
equinox and 3°45’ north of the ecliptic. In Alexandria it appeared to be 29°20’ 
within the Ram in longitude, and 3°35’ north of the ecliptic, since the second 
third of the Twins was culminating. Therefore, the eastern limit of the Pleiades 
was then very nearly 2914° east of the spring equinox, since the moon’s centre 
was still west of it and very nearly 324° north of the same ap For this limit was, 
in turn, a little more north than the moon’s centre. 

And Agrippa who observed in Bithynia records that, in the year 12 of Domi- 
tian (in their fashion Metroius 7); at the beginning of the third hour of the 
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night, the moon occulted with its southern horn the southeastern part of the 
Pleiades. This date is the-year 840 of Nabonassar, Egyptianwise Tybi 2-3, 4 
seasonal hours before midnight, and 5 equatorial hours. Because the sun was 6° 
within the Archer. Therefore, with respect to the meridian of Alexandria, the 
observation was 514 equatorial hours before midnight, and relative to regular 
solar. days 534 hours, at which time the true position of the moon’s centre was 
3°7’ within the Bull and 4+144+44)° north of the ecliptic. In Bithynia it ap- 
peared to be 3°15’ in longitude within the Bull and 4° north of the ecliptic be- 
cause the point two-thirds within the Fishes was culminating. Therefore the 
eastern part of the Pleiades was then 3314° east of the spring equinox and 324° 
north of the ecliptic. So it is evident that, in latitude, the eastern part of the 
Pleiades was then and now 324° north of the ecliptic along the great circle drawn 
through its poles, and, in longitude, has moved 3°45’ eastward from the spring 
equinox. Because at the first observation it was'2914° from it, and at the second 
3314°; and the time between the two observations embraces 365 years. And, 
therefore, the eastern part of the Pleiades has moved eastward 1° in 100 years. 

Again having observed in Alexandria, Timocharis records that in the year 36 
of the First Callippie Period (Elaphebolion 15 or Tybi 5), at the beginning of the 
third hour, the moon reached Spica with the midpoint of its disc toward the 
equatorial rising, and Spica went behind it cutting off exactly one-third of the 
diameter towards the north. And this date is the year 454 of Nabonassar, 
Egyptianwise Tybi 5-6, very nearly 4 seasonal and equatorial hours before mid- 
night, because the sun was about 15° within the Fishes. With respect to regular 
solar days, the determination comes to just about that many hours before. And 
at that hour the true position of the moon’s centre was again 21°21’ in longitude 
within the Virgin—that is, it was 81°21’ east of the summer tropic and (1+144+ 
14)° south of the ecliptic. But it appeared to be 82°12’ in longitude from the 
summer tropic and very nearly 2° south of the ecliptic. For the middle of the 
Crab was culminating. And therefore, for these reasons, Spica was at that time 
821° from the summer tropic and 2° south of the ecliptic. 

Timocharis likewise says that in the year 48 of the same period (on the sixth 
of Pyanepsion waning, or Thoth 7), at half-past the ninth hour, the moon hav- 
ing risen above the horizon, Spica appeared to be exactly touching the northern 
part of it. And this date is the year 466 of Nabonassar, Egyptianwise Thoth 7-8, 
as he himself says, 314 seasonal hours after midnight, and very nearly 31% equa- 
torial hours, since the sun was near the middle of the Scorpion. Consequently, 
it'was 214 hours after midnight. For at just that many equatorial hours after 
midnight the point 2214° within the Twins was culminating, and about the same 
point within the Virgin was rising. And the moon was in this position when it 
rose, as he says. With respect to regular solar days we find it to be only 2 equa- 
torial hours after midnight. Again, at this time the true position of the moon’s 
centre was 81°30’ from the summer equinoxes and 244° south of the ecliptic; 
but it appeared to be 82°30’ in longitude away from it and 214° south of the 
ecliptic. And therefore Spica, by this observation, was in turn very nearly 2° 
south of the ecliptic and 8214° from the summer tropic. Consequently, in the 
12 years between the two observations, it has moved very nearly 1° eastward 
from the summer tropic. 

And Menelaus, the geometer, says that he observed in Rome, in the year 1 of 
Trajan (Mechir 15-16), at the end of the tenth hour, Spica occulted by the 
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moon; for it could not be seen; but that at the end of the eleventh hour he ob- 
served it west of the moon’s centre equally distant from the horns by less than a 
diameter. And this date is the year 845 of Nabonassar, Egyptianwise Mechir 
15-16, 4 seasonal hours after midnight when the moon’s centre overtook Spica, 
but 5 equatorial hours because the sun was 20° within the Goat; with respect to 
the meridian through Alexandria, it was 614 hours after, and with respect to 
regular solar days was 614 hours after or a little more. At this hour the true 
position of the moon’s centre was 8534° from the summer tropic and very nearly 
114° south of the ecliptic, but it appeared to be 8614° in longitude from it and 2° 
south. For the first quarter of the Balance was culminating. Therefore Spica 
had that position at that time. 

It is clear that, according both to Timocharis and to ourselves, Spica was the 
same distance south of the ecliptic (that is, 2°) but that since the observation in 
the year 36 it has shifted 3°55’ during the 391 intervening years; and, since the 
observation in the year 48, 3°45’ during the 379 intervening years. And so, from 
this the eastward shift of Spica in 100 years comes to very nearly 1°. 

Again, Timocharis says he observed in Alexandria that in the year 36 of the 
First Callippic Period (Poseidon 25, or Phaophi 16), exactly at the beginning of 
the tenth hour, the moon appeared to overtake with its northern arc the north- 
ern star of those in the Scorpion’s forehead. And this date is the year 454 of 
Nabonassar, Egyptianwise Phaophi 16-17, 3 seasonal hours after midnight and 
32¢ equatorial hours, because the sun was 26° within the Archer, but 31 hours 
with respect to regular solar days. At that hour the true position of the moon’s 
centre was 3114° from the autumn equinox and 114° north of the ecliptic, but it 
appeared to be 32° in longitude and 1°12’ north of the ecliptic. For the middle 
of the Lion was culminating. And, therefore, the northernmost star in the Scor- 
pion’s forehead was at that time 32° in longitude from the autumn equinox and 
very nearly 114° north of the ecliptic. 

Likewise Menelaus says he observed in Rome that in the year 1 of Trajan, 
Mechir 18-19, at the end of the eleventh hour, the moon’s southern horn ap- 
peared in a straight line with the middle and southern stars of those in the 
Scorpion’s forehead. But its centre lay east of this line and was as far from the 
middle star as the middle star was from the southern star; and its centre seemed 
to have overtaken the northern star of those in the forehead. For it made no 
appearance whatsoever. This date is again the year 845 of Nabonassar, Egyp- 
tianwise Mechir 18-19, 5 seasonal hours after midnight and 61 equatorial hours, 
because the sun was 23° within the Goat; but 71% hours after with respect to the 
meridian through Alexandria, and very nearly the same with respect to regular 
solar days. At this hour the true position of the moon’s centre was 3514° from 
the autum equinox and 21° north of the ecliptic. But it appeared to be 35°55’ in 
longitude and 114° north. For the end of the Balance was culminating. There- 
fore, the northernmost star in the Scorpion’s forehead, at that time, had very 
nearly that same position. 

It is thus evident that also in the case of this star the same latitudinal dis- 
tance has been observed then and now, but that the longitudinal distance has 
shifted 3°55’ eastward from the autumn equinox for the total of 391 years be- 
tween the observations. Again it follows from this that the eastward shift of the 
star is 1° in 100 years. 
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4. ON THE MANNER oF ReEcoRDING THE FIxEep STARS 


And now, from the similar observation and comparison of these and other 
bright stars and from the constant distance of the rest with respect to the stars 
observed, we find it certain, to the extent that the time elapsed allows, that the 
sphere of the fixed stars makes a shift of this amount eastward from the tropic 
and equinoctial points, and moreover that this movement is effected about the 
poles of the ecliptic and not about the poles of the equator—that is, those of the 
prime movement. We therefore thought it proper, for each of these and of the 
other fixed stars, to make observations and records of their epochs observed at 
the present time, considered in longitude and latitude, not with respect to the 
equator but defined with respect to the ecliptic by the great circles drawn 
through its poles and each one of the stars. In accord with the given hypothesis 
on the movement, it is necessary that their latitudinal passages with respect to 
the ecliptic remain always the same, and that the longitudinal shifts eastward 
cut off equal arcs in equal times. And so again, using the same instrument, by 
the turning of the armillary circles in it about the ecliptic’s poles we observed 
as many stars as we could, up to those of the sixth magnitude. We always 
directed one of these armillary circles towards one of the bright stars gotten by 
means of the moon, according to its proper section on the ecliptic; another 
armillary circle, graduated and capable of turning on the ecliptic’s poles, we 
directed towards the desired star until, like the first one, it also was sighted 
through the hole of its own proper circle. When this took place, both passages 
of the stars desired were immediately evident to us on the armillary circle, since 
the longitudinal position was defined by its intersection with the ecliptic and the 
latitudinal positions by the arc on it cut off between this intersection and the 
upper hole. 

Now, to have the solid sphere’s arrangement of constellations expounded in 
this way, we set it up tablewise in 4 parts, placing in the first part the configura- 
tions for each one of the stars by constellation. In the second we placed the 
positions according to longitude within the dodecatemories as they are gotten 
from observations at the start of Antonine’s reign, the beginning of the quad- 
rants again being taken at: the tropic and equinoctial points. In the third we 
placed the latitudinal distances from the ecliptic for both the northern and 
southern sides. And in the fourth we placed the order of magnitude. Now, the 
latitudinal distances are always the same. But the longitudinal positions ean 
easily provide the passage for other dates, if we subtract the degrees correspond- 
ing to the time between the date of the position and the date sought, at the 
rate of 1° in a hundred vears, from the degrees of the position in the case of an 
earlier date; and if we add in the case of a later date. 

The designations by configurations, therefore, must be understood in accord- 
ance with the convention of constellations and by the determinations of the 
ecliptic’s poles. For by “stars preceding certain stars” and by ‘‘stars following 
certain stars’? we mean those having their positions in the preceding western or 
following eastern sections of the ecliptic; and by “more southern” or ‘‘more 
northern” we mean those nearer the corresponding pole of the ecliptic. 

We have not used for each of the stars altogether the same formations as our 
predecessors, just as they did not use the same as their predecessors. But often 
we use others according to the greater propriety and fittingness of the configura- 
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tions—as, for example, when those stars which Hipparchus places in the shoul- 
ders of the Virgin, we call her sides because their distance from the stars in the 
head appears greater than that from the hands, and thus they better fit the 
sides and are quite different from the shoulders. But the correspondence of the 
differently designated stars would be easy to ascertain by the comparison of 


their recorded positions. And here is the exposition of the records: 


5. TABULAR EXPOSITION OF THE CONSTELLATIONS OF THE 
NORTHERN HEMISPHERE 


Configurations 
Constellation of the Little Bear 


Longitude 


Latitude Magn. 


The star on the tip of the tail Twins 0°)%’ N66° 3 
The next one in the tail Twins 24%° N70° 4 
The next one, before the beginning of the tail Twins 16° N7414° 4 
The southern one on the western side of the rectangle Twins 2924° N7524° 4 
The northern one on the same side Crab 336° N77326° 4 
The southern one of those on the eastern side Crab .17%° . N725%° 2 
The northern one on the same side Crab 26%° N745¢° 2 

In all, 7 stars of which 2 are of dnd magnitude, . 

1 uf ord, 4 of 4th. 

The anfigured star near it, that is the more southern 

star of first magnitude in a straight line with 

those on the eastern side Crab. 13° N714° 4 
Constellation of the Big Bear 
The star at the tip of the muzzle Twins 25%° N395¢° 4 
The western star of those in the two eyes Twins 2554° N43° 5 
The eastern one of these Twins 26144° N43° 5 
The western star of the two in the forehead Twins 264° N471%° 5 
The eastern one of these Twins 2624° N47° 5 
The star at the end of the western ear Twins 284° N50%° “D 
The western star of the 2 in the neck Crab Yo =—-N4356° 4 
The eastern one of these Crab 214° N441%° 4 
The northern star of the 2 in the breast Crab, .9° N42° 4 
The southern one of these Crab 11° N44° 4— 
The star in the left knee Crab 1024° N35° 3 
The northern star at the end of the left forefoot Crab 514° N2914%° 3 
The southern one of these Crab 64° N2814° 3 
The star above the right knee Crab 524° N386° 4 
The star below the right knee Crab .5%° N33° 4 
Of those in the quadrilateral, the star on the Crab 1724° N49° 4 

back 
Of these, the star on the flank Crab 224%° N44%° 2, 
The star at the beginning of the tail Lion. 3%°  N5I° 3 
The remaining star in the left thigh Lion «os N4614° 2 
The western star of those at the end of the left hind- 

foot Crab 222° WN29'%° 3 
The star east of this one Crab 2414%° N2814° 3 
The star in the left ham Lion 124°. N35\%° 4+ 
The northern star of those at the end of the right 

hindfoot Lion 956° N255€° 3 
The southern stur of these Lion 10%° N25° 3 
The first star of the 3 in the tail after the begin- Lion 121%° N53%° 2 

ning 
The middle one of these Lion 18° N5524° 2 
The third one at the end of the tail Lion 293° N25° 2 


In all, 27 stars of which 6 are of 2nd magnitude, 
8 of 3rd, 8 of 4th, 5 of 5th. 
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Configurations Longitude Latitude Magn. 

Of the Unfigured Stars beneath it 
The star under the tail far to the south Lion 2756° N3934° 3 
The dimmer star west of it Lion 204%° N41k° 5 
The more southern star of those between the forefeet 

of the Bear and the head of the Lion Crab 158 N1714° 4 
The star north of this Crab 13k° NI19K%? 4 
The star east of the other 3 dim ones Crab 16%° N20° dim 
The star west of this last Crab 124%° N22%° dim 
The star still farther west than this last Crab Ye = N28° dim 
The star between the forefeet and the Twins Crab 0° N2244° dim 


In all, 8 unfigured stars of which 1 is of 3rd mag- 
nitude, 2 of 4th, 1 of 5th, and 4 dim. 


Constellation of the Dragon’ 


The star on the tongue Balance 2624° N761%° 4 
The star in the mouth Scorpion 11%° N78%° 4+ 
The star above the eye Scorpion 1384%° N75%° 3 
The star in the jaw Scorpion 2744° N80? 4 
The star above the head Scorpion 2924° N75%° 3 
The northern star of the 3 in a straight line in the < 

first fold of the neck Archer 2424° N82%° 4 
The southern one of these Goat 24° N78l4° 4 
The middle star of these Archer 283° N80%° 4 
The star east of this one Goat 19%° N81%° 4 
The southern star of the western side of the square 

in the next turn Fishes 8° N8136° 4 
The northern star of the western side Fishes 2014° N88° 4 
The northern star of the eastern side Ram 724° =N7836° 4 
The southern star of the eastern side Fishes 2256° N77356° 4 
The southern star of the triangle in the next turn Ram 1024° =~N80%° 5 
The western star of the remaining 2 of the triangle Ram 2124° N81\° 5 
The eastern star of these Ram 26%° N804° 5 
The eastern star of those in the next triangle west 

of this Twins 13%° N84%° 4 
The southern star of the remaining 2 of the triangle Bull 204° N87%° 4 
The northern star of the remaining two Bull 115° N8456° 4 
The eastern star of the 2 small stars west of the 

triangle Crab 2824° =N8714° 6 
The western one of these Crab 2124° =N8656° 6 
The more northern of the next 3 in a straight line Virgin 9° N8114° 5 
The middle one of the 3 Virgin 9° N80%° 5 
The northern one of these Virgin 814° —- N845%° 3 
The northern one of the next 2 to the west Virgin 10° N78° 3 
The southern one of these Virgin 104° N74326° 4+ 
The western star of those to the west in the turn 

near the tail Virgin 1224° N70° 3 
The western star of the 2 rather distant from the 

last one Lion 74° = N6436° 4 
The eastern star of these Lion 114%° N65%° 3 
The star near them by the tail Crab 19%° N61%° 3 
The remaining star at the end of the tail Crab 13K° N56%° 3 


In all, 31 stars of which 8 are of 3rd magnitude, 
16 of 4th, 5 of 5th, 2 of 6th. 


Constellation of Cepheus 


The star in the right foot Bull ‘sin N75%° 4 
The star in the left foot Bull oF N6414° 4 
The star under the belt on the right side Ram 74° = N71@° 4 
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Configurations 
The star touching the right shoulder from above 
The star touching the right elbow from above 
The star touching the same elbow from below 
The star in the chest 
The star in the left arm 
The southern star of the 3 in the tiara 
The middle one of the 3 
The northern one of the 3 
In all, 11 stars of which 1 is of 3rd magnitude, 
7 of 4th, 3 of 5th. 


Of the Unfigured Stars About Cepheus 
The star west of the tiara 
The star east of the tiara 
In all, 2 unfigured stars of which 1 is of 4th mag- 
nitude, 1 of 5th. 


Constellation of the Ploughman 
The star west of the 3 in the left hand 
The middle and southern one of the 3 
The eastern one of the 3 
The star in the left elbow 
The star in the left shoulder 
The star in the head 
The star in the right shoulder 
The star north of these and in the crook 
The star north of this at the tip of the crook 
The northern one of the 2 below the shoulder in the 
cudgel 
The southern one of these 
The star at the tip of the right hand 
The western one of the 2 in the wrist 
The eastern one of these 
The star at the end of the crook’s haft 
The star in the right thigh in the girdle 
The eastern one of the two in the girdle 
The western one of these 
The star in the right heel 
The northern one of the 3 in the left shank 
The middle one of the 3 
The southern one of these 
In all, 22 stars of which 4 are of 3rd magnitude, 
9 of 4th, 9 of 5th 
One Unfigured Star Under This of Ist Mag. 
The fiery star called Arcturus between the thighs 


Constellation of the Northern Crown 
The bright star in the Crown 
The most western of all 
The one east and north of this one 
The one again east and north of this last 
The star east of the bright one southwards 
The star east of this last and nearby 
The star still east of these 
The star east of all those in the Crown 
In all, 8 stars of which 1 is of 2nd magnitude, 
5 of 4th, 1 of 5th, 1 of 6th. 


Longitude 
Fishes 162° 
Fishes 914° 
Fishes 10° 
Fishes 2814° 
Ram 76° 
Fishes 1614° 
Fishes 1714° 
Fishes 19° 


Fishes 1324° 
Fishes 211° 


Virgin 21 Ze 
Virgin 41° 
Virgin 5} 2° 


Virgin 92° 
Virgin 
Virgin 
Balance 524° 
Balance 524° 
Balance 5° 


Balance 734° 
Balance 814° 
Balance 816° 
Balance 626° 
Balance 7° 

Balance 714° 
Balance 0 
Virgin 25324° 
Virgin 25° 

Balance 54° 
Virgin 2114° 
Virgin 2014° 
Virgin 2114° 


Virgin 27° 


Balance 1424° 
Balance 113° 
Balance 115¢° 
Balance 132° 
Balance 1714° 
Balance 191° 
Balance 2114° 
Balance 2124° 


Latitude Magn. 


N69? 
N72° 
N74° 
N6514° 
N6234° 
N6014° 
Noel? 
N61¢° 


N64° 
N5914° 


N5834° 
N5814° 
N60)%° 
N5424° 
N49° 

N5385¢° 
N4824° 
N5314° 
N57" 


N4614° 
N4514° 
N411%° 
N4136° 
N4214° 
N401%° 
N4014° 
N4136° 
N421¥¢° 
N28° 

N2g° 

N2614° 
N25° 


N314° 


N4416° 
N4614° 
N48° 

N5014° 
N443%° 
N445¢° 
N4616° 
N4914° 
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Configurations 
Constellation of Man Kneeling 
The star in the head 
The star in the right shoulder beside the armpit 
The star in the right arm 
The star in the right elbow 
The star in the left shoulder 
The star in the left arm 
The star in the left elbow 
The eastern one of the 3 in the left wrist 
The northern one of the remaining 2 
The southern one of these 
The star in the right side 
The star in the left side 
The one north of this last in the left buttock 
The star at the beginning of the same thigh 
The western star of the 3 in the left thigh 
The one east of this last 
The star again east of this one 
The star in the left knee 
The star in the left shin 
The western one of the 3 in the foot 
The middle one of the 3 
The eastern one of these 
The star at the beginning of the right thigh 
The one north of this and in the same thigh 
The star in the right knee 
The southern star of the 2 under the right knee 
The northern one of these 
The star in the right shank 
The star at the end of the right foot which is the 
same as that at the tip of the crook 
Except for this last, in all 28 stars of which 6 are 
of 3rd magnitude, 17 of 4th, 2 of 5th, 3 of 6th. 


The Unfigured Star Beyond This 
The star south of that in the right arm 
In all 1 star of 5th magnitude. 


Constellation of the Lyre 

The bright star on the shell called the Lyre 

The northern one of the 2 lying next it 

The southern one of these 

The star east of these and at the beginning of the 
horns 

The northern one of the two near the eastern side of 
the shell 

The southern one of these 

The northern one of the two western stars in the 
crossbar 

The southern one of these 

The northern one of the 2 in the cross-bar 

The southern one of these 
In all, 10 stars of which lis of lst magnitude, 

2 of 3rd, 7 of 4th. 


Constellation of the Bird 
The star in the beak 
The one east of this and in the head 


Longitude 


Scorpion 1724° 
Scorpion 324° 
Scorpion 124° 
Balance 28° 

Scorpion 1624° 
Scorpion 22° 

Scorpion 2724° 
Archer 514° 
Archer 124° 
Archer 144° 
Scorpion 35¢° 
Scorpion 101° 
Scorpion 10° 

Scorpion 111{° 
Scorpion 14° 

Scorpion 1514° 
Scorpion 1614° 
Archer 36° 
Scorpion 224° 
Scorpion 1514° 
Scorpion 165¢° 
Scorpion 1924° 
Scorpion %° 
Balance 2514° 
Balance 1524° 
Balance 1324° 
Balance 101° 
Balance 11){° 


Scorpion 224° 


Archer 1714° 
Archer 204° 
Archer 2014° 
Areher 232° 
Goat z 
Goat 124° 
Archer 21° 
Archer 205¢° 
Archer 24]{° 
Archer 24° 
Goat 46° 
Goat 9° 
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Latitude Magn. 


N3714° 
N43° 


N52356° 4+ 
N54° 4+ 
v53" 
N50%° 
N5314° 
N56144° 
Nd8 4° 
N5936° 
N601K° 
N61144° 
N61° 
N6914° 
N70)4° 
N7114° 
N7244° 
N6014° 
N63° 
N6514° 
N63 34° 
N6414° 
N60° 


+ 
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N38 16° 5 


N62° 1 
N6224° 4+ 
N61° 4+ 


N60° 4 
N61? 4 
N60? 4 
N56 3 
N55° i 
N55}6° 3 
N543Z°, 4— 


N49° 3 
N50" ) 
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Configurations 
The star in the middle of the throat 
The star in the breast 
The bright star in the tail 
The star in the elbow of the right wing 
The southern star of the 3 in the right wing-spread 
The middle one of the 3 
The northern one at the edge of the wing-spread 
The star in the elbow of the left wing 
The star north of these and in the middle of the 
same wing 
The star at the edge of the left wing-spread 
The star in the left foot 
The star in the left knee 
The western one of the 2 in the right foot 
The eastern one of these 
The star in the nebula of the right knee 
In all, 17 stars of which 1 is of 2nd magnitude, 
5 of 3rd, 9 of 4th, 2 of 5th. 


The Unfigured Stars About It 
The southern star of the 2 under the left wing 
The northern one of these 

In all, 2 stars of 4th magnitude. 


Constellation of Cassiopeia 

The star in the head 

The star in the breast 

The star north of this and in the girdle 

The star above the chair along the thighs 

The star in the knees 

The star in the shank 

The star at the tip of the foot 

The star in the left arm 

The star below the left elbow 

The star in the right forearm 

The star above the foot of the throne 

The star in the middle of the back of the chair 

The star at the end of the back 

In all, 13 stars, of which 4 are of 3rd magnitude, 

6 = 4th, 1 of 5th, 2 of 6th. 


Constellation of Perseus 

The nebula in the right hand 

The star in the right elbow 

The star in the right shoulder 

The star in the left shoulder 

The star in the head 

The star in the broad of the back 
The bright star in the right side 

The western one of the 3 after the one in the side 
The middle one of the 3 

The eastern one of these 

The star in the left elbow 

The bright star in the Gorgon’s head 
The star east of this 

The star west of the bright one 

The star left farther west than this 
The star in the right knee 
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Longitude 
Goat 161%° 
Goat 2814° 
Water Bearer 91° 
Goat 194° 
Goat 224° 
Goat 211%° 
Goat 1634° 
Water Bearer 56° 


Water Bearer 356° 
Water Bearer 626° 
Water Bearer 10° 

Water Bearer 1414° 
Water Bearer 114° 
Water Bearer 224° 
Water Bearer 124° 


Water Bearer 1024° 
Water Bearer 185° 


Ram 756° 
Ram 105¢° 
Ram 13° 

Ram 1634° 
Ram 2024° 
Ram 27° 

Bull 134° 
Ram 1424° 
Ram 173° 
Ram 214° 
Ram 15° 

Ram 756° 
Ram 32° 


Ram 2624° 
Bull 1° 
Bull 226° 
Ram 2714° 
Bull 
Bull 
Bull 436° 
Bull 53%° 
Bull 7° 

Bull 73° 
Bul %° 
Ram 2934° 
Ram 291%° 
Ram :27%%° 
Ram 265° 
Bull 145£° 


14° 


24° ? 


Latitude 
N54%° 
N574%° 
N60° 
N6424° 
N6924° 
N71%° 
N74° 
N49%° 


N5216° 


N451¢° 
N4634° 
N4756° 
N49° 

N4514° 
N4734° 
N4716° 
N441%° 
N45° 

N50° 

N5226° 
N5134° 
N513%° 


N4014° 
N3714° 
N344° 
N3214° 


~N3414° 


N31)¢° 
N30° 
N2756° 
N27326° 
N2734° 
N27° 
N23° 
N21° 
N21° 
N2214° 
N28? 


ia 
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Configurations 
The star west of this and Sisaeek the knee 
The western star of the 2 above the joint 
The eastern one in the joint itself 
The star in the right calf 
The star in the right ankle 
The star in the left thigh 
The star in the left knee 
The star in the left shank 
The star in the left heel 
The star east of it in the left foot 
In all, 26 stars, of which 2.are of 2nd magnitude, 
5 of 3rd, 16 of 4th, 2 of Sth; a nebula. 


The Unfigured Stars about Perseus 
The star east of the one in the knee 
The star north of those in the right knee 
The western star of those in the Gorgon’s Head 
In all, 3 stars, of which 2 are of 5th magnitude, 
1 indistinct. 


Constellation of the Charioteer 

The southern one of the 2 at the head 

The northern one and above the head 

The star in the left shoulder called Capella 

The star in the right shoulder 

The star in the right elbow 

The star in the right wrist 

The star in the left elbow 

The eastern one of the 2 in the left wrist called the 
Kids 

The western one of these 

The star in the left ankle 

The star common to the right ankle and the horn 

The star north of this near the foot 

The star still north of this in the buttock 

The little star above the left foot 
In all, 14 stars, of which 1 is of Ist magnitude, 

1 of 2nd, 2 of 3rd, 7 of 4th, 2 of 5th, 1 of 6th. 


Constellation of Serpentarius 

The star in the head 

The western one of the 2 in the right shoulder 
The eastern one of these 

The western star of the 2 in the left shoulder 
The eastern one of these 

The star in the left elbow 

The western star of the 2 in the left hand 
The eastern one of these 

The star in the right elbow 

The western star of the 2 in the right hand 
The eastern one of these 

The star in the right knee 

The star in the right shank 

The western star of the 4 in the right foot 
The one east of this one 

The star still east of this last 

The remaining and easternmost of the 4 

The one east of these and touching the heel 
The star in the left knee 


Longitude 
Bull is° 
Bull 121%? 
Bull 14° 
Bull 14%° 
Bull 1614° 
Bull 656° 
Bull 824° 
Bull 816° 
Bull 4le° 
Bull 61° 
Bull 115° 
Bull 15% 
Ram 243%° 


Twins 21 6° 
Twins 21° 


Bull Sd 
Twins 256° 
Twins 1y%° 
Twins 256° 
Bull 22. 
Bull 221¢° 
Bull Zar 
Bull 195¢° 
Bull 2524° 
Bull AGA 
Bull 261 8 4 
Bull 202° 


Scorpion 245° 
Scorpion 28° 
Scorpion 29° 
Scorpion 1314° 
Scorpion 1424° 
Scorpion 814° 
Scorpion 5° 
Scorpion 6° 
Scorpion 2624° 
Archer 214° 
Archer 314° 
Scorpion 211° 
Seorpion 2624° 
Scorpion 23° 
Scorpion 2414° 
Scorpion 25° 
Scorpion 253¢° 
Scorpion 2714%° 
Scorpion 121° 
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Latitude Magn. 
N281%° 4 
N25° 4 
N26%° 4 
N2414° 5 
N1834° 5 
N215° 4+ 
N1914° 3 
N143%° 4 
N12° 3— 
N11° 3+ 
N18° 5 
N38? 5 
N2024° dim 
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240 PTOLEMY 


Configurations 
The northern one of the 3 in a straight line in the 
left shank 
The middle one of these 
The southern one of the 3 
The star in the left heel 
The star touching the hollow of the left foot 
In all, 24 stars, of which 5 are of 3rd magnitude, 
13 of 4th, 6 of 5th. 


The Unfigured Stars about the Serpentarius 
The northern one of the 3 east of the right shoulder 
The middle one of the 3 
The southern one of these 
The star east of the 3 above the middle one 
The lone star north of the 4 
In all, 5 stars of 4th magnitude. 


Constellation of the Serpent of Serpentarius 

Of the square in the head, the star at the end of 
the jaw 

The star touching the nostrils 

The star in the temple 

The star at the beginning of the throat 

The star in the middle of the square and in the jaw 

The star outside and north of the head 

The star after the first curve of the neck 

The northern one of the 3 following this 

The middle one of the 3 

The southern one of these 

The star after the next curve, west of the Serpen- 
tarius’ left hand 

The star east of those in the hand 

The star after the Serpentarius’ right thigh 

The southern one of the 2 east of this 

The northern one of these 

The star after the right hand in the tail’s curve 

The star east of this likewise in the tail 

The star at the tip of the tail 
In all, 18 stars, of which 5 are of 3rd magnitude, 

12 of 4th, 1 of 5th. 


Constellation of the Arrow 
The lone star in the point 
The eastern one of the 3 in the shaft 
The middle one of these 
The western one of the 3 
The star at the extremity of the notched end 
In all, 5 stars, of which 1 is of 4th magnitude, 
3 of 5th, 1 of 6th. 


Constellation of the Eagle 

The star in the middle of the head 

The star west of this and in the neck 

The bright one in the broad of the back called the 
Kagle 

The one near this to the north 

The western one of the 2 in the left shoulder 

The eastern one of these 


Longitude 


Seorpion 1134° 
Scorpion 1024° 
Scorpion 956° 
Scorpion 1214° 
Scorpion 1024° 


Archer 2° 
Archer 236° 
Archer 3° 
Archer 334° 
Archer 438° 


Balance 185° 
Balance 2124° 
Balance 2414° 
Balance 22° 

Balance 214° 
Balance 2614° 
Balance 2124° 
Balance 2456° 
Balance 2444° 
Balance 2614° 


Balance 285° 
Scorpion 814° 
Scorpion 2324° 
Scorpion 27° 

Scorpion 275° 
Archer 334° 
Archer 82° 


Areher 184° 
Goat 10° 
Goat 624° 
Goat 556° 
Goat 424° 
Goat 314° 
Goat T6° 
Goat 456° 
Goat 356° 
Goat 426° 
Goat 3° 
Goat 6° 


Latitude Magn. 


N56? 5+ 
N3i¢° 5 
N134° 5+ 
N36° i 
$34° 4 


N281¢° 
N26)4° 
N25° 
N27° 
N33° 


PP Pp Pp 


N38° 
N40° 
N36° 
N3414° 
INg7 W7e 
N4214° 
N294° 
N2614° 
N2514° 
N24° 


N1614° 
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N391¢° 
N391¢° 
N3914° 
N39° 

N3824° 


oS) Bd) ony 


NOG56° ensue 
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N291¢° 2+ 


N30° 3- 
N3114° 3 
N314° 5 


THE ALMAGEST, VII 


Configurations 
The western one of the 2 in the right shoulder 
The eastern one of these 
The star farther off under the Eagle’s tail touching 
the Milky Way 
In all, 9 stars, of which 1 is of 2nd magnitude, 
4 of 3rd, 1 of 4th, 3 of 5th. 
The Unfigured Stars about the Eagle 
The western star of the 2 south of the Kagle’s head 
The eastern one of these 
The star southwest of the Eagle’s right shoulder 
The star south of this 
The star still south of this 
The star west of all these 
In all, 6 stars, of which 4 are of 3rd magnitude, 
1 of 4th, 1 of 5th. 


Constellation of the Dolphin 

The western star of the 3 in the tail 

The northern one of the remaining 2 

The southern one of these 

The southern one of the western side of those stars 
in the rhomboidal figure of 4 sides 

The northern one of the western side 

The southern one of the eastern side of the rhombus 

The northern one of the eastern side 

The southern one of the 3 between the tail and the 
rhombus 

The western one of the remaining 2 northern ones 

The remaining eastern one of these 
In all, 10 stars, of which 5 are of 3rd magnitude, 

2 of 4th, 3 of 6th. 


Constellation of Forepart of Horse 
The western one of the 2 in the head 
The eastern one of these 
The western one of the 2 in the jaw 
The eastern one of these 

In all, 4 dim stars. 


Constellation of the Horse 

The star common to the Horse’s navel and Andro- 
meda’s head 

The star in the loin and at the end of the wing 

The star in the right shoulder and at the beginning 
of the foot 

The star in the broad of the back, and shoulder of 
the wing 

The northern one of the 2 in the body under the wing 

The southern one of these 

The northern one of the 2 in the right knee 

The southern one of these 

The western one of the 2 close together in the chest 

The eastern one of these 

The western one of the 2 close together in the neck 

The eastern one of these 

The southern one of the 2 in the mane 

The northern one of these 

The northern one of the 2 close together in the head 


Longitude 
Archer 293¢° 
Goat 1%° 


Archer 22° 


Goat 336° 
Goat 856° 
Archer 26° 

Archer 284° 
Archer 293° 
Archer 214° 


Goat 173¢° 
Goat 1826° 
Goat 183° 


Goat 1814° 
Goat 201° 


Goat 21%° 
Goat 231¢° 
Goat 1714° 
Goat 17%° 
Goat 19° 

Goat 2614° 
Goat 28° 

Goat 264° 
Goat 272° 


Fishes 175¢° 
Fishes 121%° 


Fishes 21° 


Water Bearer 262° 
Fishes 414° 
Fishes 5° 
Water Bearer 29° 
Water Bearer 284° 
Water Bearer 264° 
Water Bearer 27° 
Water Bearer 1856° 
Water Bearer 2014° 
Water Bearer 21 14° 
Water Bearer 204° 
Water Bearer 914° 
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Latitude Magn. 


N283¢° 
N263¢° 


N363¢° 


N2134¢° 
N19%° 
N25° 
N20° 
N15%6° 
N18¥%° 


N291%° 


N304° 
N3156° 
N3114° 


N2013° 
N2034° 
N25%° 
N25° 


N26° 
N1214° 


N31° 


N193¢° 
N25%° 
N25° 
N35° 
N3414° 
N29° 
N2914° 
N18° 
N19° 
N15° 
N16° 
N161%° 


5 
5+ 
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Configurations Longitude 
The southern one of these Water Bearer 8° 
The star in the muzzle Water Bearer 514° 
The star in the right ankle Water Bearer 2314° 
The star in the’ left knee Water Bearer 1714° 


The star in the left ankle Water Bearer 1214° 
In all, 20 stars, of which 4 are of 2nd Shei, 7 
4 of 3rd, 9 of Ath, 3 of 5th. 


Constellation of Andromeda 


The star in the broad of the back ) Fishes. 25 14° 
The star in the right shoulder Fishes 2614° 
The star in the left shoulder Fishes 2414° 
The southern star of the 3 in the right arm Fishes 2324° 
The northern one of these Fishes 242° 
The middle one of the 3 Fishes 25° 
The southern star of the 3 at the end of the right 

hand Fishes 1924° 
The middle ene of these Fishes 2024° 
The northern one of the three Fishes 22° 
The star in the left arm Fishes 241° 
The star in the left elbow , Fishes 2524° 
The southern one of the 3 above the girdle Ram 356° 
The middle one of these Ram 15° 
The northern one of the 3 : echineada, e 2 
The star above the left foot Ram 1656° 
The star in the right foot Ram 171° 
The star south of this one Ram 15%° 
The northern one of the 2 in the left bend of the 

knee Ram 124° 
The southern one of these ; Ram. 12° 
The star in the right knee Ram 104° 
The northern one of the 2 in the train Ram 122° 
The southern one of these Ram 141° 
The star outside and west of the 3 in the right hand Fishes 1124° 


In all, 23 stars, of which 4 are of 3rd magnitude, 
15 of 4th, 4 of 5th. 


Constellation of the Triangle 


The star at the vertex of the Triangle Ram [1"- 
The western one of the 3 in the base Ram 16° 
The middle one of these Ram 1614° 
The eastern one of the 3 Ram 165¢° 


In all, 4 stars, of which 3 of 3rd magnitude, 1 of 4th. 
—Thus, in all, 360 stars for the northern part, 
of which 3 are of Ist magnitude, 18 of 2nd, 
81 of 3rd, 177 of 4th, 58 of 5th, 13 of 6th, 
9 dim, 1 nebular. 


CONSTELLATIONS OF THE STARS IN THE ZODIAC 
Constellation of the Ram 


The western star of the 2 in the horn Ram- 624° 
The eastern one of these Ram 72° 
The northern one of the 2 in the muzzle Ram 11° 

The southern one of these Ram 111° 
The star in the neck Ram 614° 
The star in the loins Ram _ 1734° 
The star at the beginning of the tail Ram 21%? 
The western one of the 3 in the tail Ram 2356° 


The middle one of the 3 Ram 25%° 


Latitude 
N16°. 
N221%° 
N41° 
N3414° 


N3656° | 


N2414° 
N27? 
N23° 
N32° 
N3336° 
N3234° 


N41° 
N42° 
N44° 


N1714°_ 


N1556° 
N2614° 
N30° 
N3214° 
N28° 
N3714° 
N353¢° 
N29° 
N28° 
N3514° 


‘N34%4° 
N3214° 


N44° 


N161%4° 
N202%° 


N1924° 


N19° 
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THE ALMAGEST, VII 
Longitude 


Configurations 
The eastern one of these 
The star in the calf 
The star under the bend of the knee 
The star in the hind-foot 
In all, 13 stars, of which 2 are of 3rd magnitude, 
4 of 4th, 6 of Sth, 1 of 6th. 


The Unfigured Stars about the Ram 

The star above the head which Hipparchus placed 
in the muzzle 

The eastern and brightest one of the 4 above the 
loins 

The northern one of the remaining fainter 3 

The middle one of the 3 

The southern one of these 
In all, 5 stars, of which 1 is of 3rd magnitude, 

1 of 4th, 3 of 5th. 


Constellation of the Bull 

The northern star of the 4 in the section 

The one next it 

The one again next to this last 

The southernmost one of the 4 

The one east of these in the right shoulder blade 

The star in the chest 

The star in the right knee 

The star in the right ankle 

The star in the left knee 

The star in the left forearm 

Of those in the face called the Hyades, the one on 
the nostrils 

The star between this last and the northern eye 

The star between this last one and the southern eye 

The bright red star of the Hyades in the southern eye 

The other one in the northern eye 


The star at the beginning of the southern horn and _. 


the ear 
The southern one of the 2 in the southern horn _ 
The northern one of these 
The star at the tip of the southern horn 
The star at the beginning of the northern horn 


The star at the tip of the northern horn the same as — 


the one in the Charioteer’s right foot 
The northern one of the 2 close together in the 
northern ear 
The southern one of these 
The western one of the 2 small ones in the neck 
The eastern one of these 
The southern one of the western side of the square 
in the neck 
The northern one of the western side 
The southern one of the eastern side 
The northern one of the eastern side 
The northern limit of the eastern side of the Pleads 
The southern limit of the eastern side 
The eastern and narrowest limit of the Pleiads 
The small star outside and north of the Pleiads 
In all, 33 stars, of which 1 of 1st magnitude, 7 of 
3rd, 11 of 4th, 13 of 5th, 1 of 6th. 


Ram 27° 
Ram 192° 
Ram 18° 
Ram 15° 


Ram 102° 


Ram 213° 
Ram 2114° 
Ram 193° 
Ram 191° 
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Latitude Magn. 
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Configurations 
The Unfigured Stars about the Bull 
The star below the right foot and the shoulder-blade 
The western one of the 3 above the southern horn 
The middle one of the 3 
The eastern one of these 
The northern one of the 2 below the tip of the 
southern horn 
The southern one of these 
The western star of the 5 eastern ones under the 
northern horn 
The one east of this 
The one again east of this 
The northern one of the 2 remaining eastern ones 
The southern one of these 
In all, 11 stars, of which 10 of 4th magnitude, 
1 of 5th. 


Constellation of the Twins 

The star in the head of the western Twin 

The red star in the head of the eastern Twin 

The star in the left forearm of the western Twin 

The star in the same arm 

The star east of this one and in the broad of the back 

The one east of this in the right shoulder of the same 
Twin 

The star in the eastern shoulder of the eastern Twin 

The star in the right side of the western Twin 

The star in the left side of the eastern Twin 

The star in the left knee of the western Twin 

The star under the left knee of the eastern Twin 

The star in the left testicle of the eastern Twin 

The star under the bend of the right knee of the 
same Twin 

The star in the forward foot of the western Twin 

The star east of this in the same foot 

The star at the end of the right foot of the western 
Twin 

The star at the end of the left foot of the eastern 
Twin 

The star in the right foot of the eastern Twin 
In all, 18 stars, of which 2 are of 2nd magnitude, 

5 of 3rd, 9 of 4th, 2 of 5th. 


The Unfigured Stars about the Twins 

The western star of the forward foot of the western 
Twin 

The bright western star of the western knee 

The western star of the left knee of the eastern Twin 

The northern star of the 3 in a straight line east of 
the right hand of the eastern Twin 

The middle one of the 3 

The southern one of these between the forearm and 
hand 

The bright one east of these 3 
In all, 7 stars, of which 3 are of 4th magnitude, 

4 of 5th. 


Longitude 


Ram 25° 
Bull 20° 
Bull 21° 
Bull 26° 


Bull 29° 
Bull 29° 


Bullke.27° 
Bull 29° 
Twins 1° 
Twins 214° 
Twins 314° 


Twins 2314° 
Twins 2624° 
Twins 1624° 
Twins 1824° 
Twins 22° 


Twins 24° 

Twins 262° 
Twins 212° 
Twins 23 16° 
Twins 13° 

Twins 1814° 
Twins 2124° 


Twins 2124° 
Twins 614° 
Twins 814° 


Twins 101¢° 


Twins 12° 
Twins 1424° 


Twins 414° 
Twins 614° 
Twins 151° 


Twins 2814° 
Twins 2614° 
Twins 26° 

Crab 36° 


Latitude Magn. 


$1714° 


N9Ms° 
N614° 
N10° 

N74° 
N54° 


N456° 
N234° 
N2%%° 
N° 

N114° 
$214° 
872° 


56° 
$14? 
s1\° 


$314° 


S714" 
81014° 


S36° 
N556° 
S24° 


S114° 
S314? 


S414° 
$234° 
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THE ALMAGEST, VII 
Longitude 


Configurations 
Constellation of the Crab 
The middle of the nebula called the Crab, in the 
breast 
The northern star of the 2 western ones of the square 
about the nebula 
The southern star of the 2 western ones 
The northern star of the 2 eastern ones of the square 
called the Asses 
The southern one of these 2 
The star in the southern claw 
The star in the northern claw 
The star in the northern hind-foot 
The star in the southern hind-foot 
In all, 9 stars, of which 7 are of 4th magnitude, 
1 of 5th, 1 nebula. 


The Unfigured Stars about the Crab 
The star above the joint of the southern claw 
The star east of the tip of the southern claw 
The western star of the 2 above the nebula 
The eastern one of these 
In all, 4 stars, of which 2 are of 4th magnitude, 
2 of 5th. 


Constellation of the Lion 
The star at the tip of the nostril 
The star in the open mouth 
The northern one of the 2 in the head 
The southern one of these 
The northern one of the 3 in the throat 
The middle one of the 3, nearby 
The southern one of these 
The one at the heart called Regulus 
The one south of this, in the chest 
The star a little west of the one in the heart 
The star in the right knee 
The star in the right foreclaw 
The star in the left foreclaw 
The star in the left knee 
The star in the left armpit 
The western star of the 3 in the belly 
The northern one of the other eastern 2 
The southern one of these 
The western one of the 2 in the loin 
The eastern one of these 
The northern one of the 2 in the buttocks 
The southern one of these 
The star in the calfs of the legs 
The star in the hind-leg joints 
The star south of this one, in the forelegs 
The star in the hind-claws 
The star at the tip of the tail 
In all, 27 stars, of which 2 are of 1st magnitude, 
2 of 2nd, 6 of 3rd, 8 of 4th, 5 of 5th, 4 of 6th. 


The Unfigured Stars about the Lion 
The western star of the 2 above the back 
The eastern one of these 


Crab 101%° 


Crab 724° 
Crab 8° 


Crab 1014° 
Crab 1114° 
Crab 1614° 
Crab 814° 
Crab 224° 
Crab 71° 


Crab 1924° 
Crab 211%° 
Crab 14° 
Crab 17° 


Crab 1814° 
Crab 211° 
Crab 2414° 
Crab 241%° 
Lion %° 
Lion 216° 
Lion 2% 
Lion 214° 
Lion 314° 
Lion 0° 

Crab 2714° 
Crab 241%° 
Crab 2714° 
Lion 214° 
Lion 91° 
Lion 7° 

Lion 1014° 
Lion 121 6° 
Lion 1114° 
Lion 141° 
Lion 1414° 
Lion 1614° 
Lion 2014° 
Lion 2124° 
Lion 2424° 
Lion 2714° 
Lion 244%° 


Lion 6° 
Lion 814° 
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Latitude Magn. 


N° neb. 


N14" 4— 
SLY 4— 


N224° 4+ 
Sl¢° 4+ 


4 
N11¢° 4 
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8714° 4+ 
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246 PTOLEMY 


Configurations Longitude Latitude Magn. 
The northern one of the 3 above the flank Lion 17%° N11? 4— 
The middle one of these Lion 1714%° S%° 5 
The southern one of these Lion 18° $224° 5 
The northernmost part of the nebula called the Hair, 

lying between the extremities of the Lion and 

the Bear Lion, 245° . N30° dim 
The western one of the eminent southern stars of 

the Hair Lion 241°  N25° dim 
The eastern one of those in the figure of the ivy leaf Lion 28144° N2514° . dim 

In all, 5 stars, of which 1 is of 4th magnitude, 

4 of 5th, and the Hair. 

Constellation of the Virgin : 
The southern star of the 2 in the tip of the skull Lion 261%°. N414° 5 
The northern one of these Lion 27° N5324° 5 
The northern one of the 2 in the face east of these Virgin 24° = N8° 5 
The southern one of these Virgin 14°. N54? 5 
The star at the tip of the southern and left wing Lion 29° NY? 3 
The western star of the 4 in the left wing Virgin 84° N14? . 3 
The one east of this Virgin 134%° N256° 3 
The star east of this again Virgin 17%° N2%° 5 
The last and eastern one of these 4 . Virgin 21° N124° 4 
The star in the right side under the girdle Virgin 14144° N814° 3 
The western star of the 3 in the right and northern 

wing Virgin 846° N13%° 5 
The southern of the 2 remaining ones Virgin 1014%° N113%° 6 
The northern one of these called Vindemiatrix Virgin 124° N15° 3+ 
The star in the left hand called Spica Virgin 2624° §2° 1 
The star under the girdle on the right buttock Virgin 243° N82%%° 3 
The northern star of the western side of the square 

in the left thigh Virgin 264%° N3° 5 
The southern star of the western side Virgin 274° N°. 6 
The northern star of the 2 of the eastern side Balance 0° N14° 4— 
The southern one of the eastern side Virgin 28° S3° 5 
The star in the left knee Balance 124° $S114° 5 
The star in the, hinder part of the right thigh Virgin 28° N814° 5 
The middle one of the 3 in the train about the feet Balance 623° N714° 4 
The southern one of these Balance 714° N224° 4 
The northern one of the 3 Balance 84° N1134° 4 
The star in the left and southern foot Balance 10° NY 4 
The star in the right and northern foot Balance 1224° N956° 4 

In all, 26 stars, of which 1 is of 1st magnitnde, 6 of 

3rd, 7 of 4th, 10 of 5th, 2 of 6th. 

The Unfigured Stars about the Virgin 
The western star of the 3 in a straight line under 

the left forearm Virgin 1424° 838%? 5 
The middle one of these Virgin 19° $314° 5 
The eastern one of the 3 Virgin 224° 834° 5 
The western one of the 3 in a straight line under / 

Spica Virgin 2714%° S7%° 6 
The middle one of these which is double Virgin 28%° S8° 5 
The eastern one of these Balance 5° S73%6° 6 


In all, 6 stars, of which 4 are of 5th magnitude, 2 of 6th. 


BOOK EIGHT 


1. TABULAR EXPOSITION OF THE CONSTELLATIONS OF THE 
SOUTHERN HEMISPHERE 


Configurations 

Constellation of the Balance 

The bright star at the end of the southern claw (of 
the Scorpion) 

The one north of and dimmer than this last 

The bright star of those at the end of the northern 
claw 

The dim one west of this 

The star in the middle of the southern claw 

The star west of this in the same claw 

The star in the middle of the northern claw 

The one east of this in the same claw 
In all, 8 stars, of which 2 are of 2nd magnitude, 

4 of 4th, 2 of 5th. 


The Unfigured Stars about the Balance 

The western star of the 3 northern ones in the 
northern claw F jm 

The southern star of the 2 eastern ones 

The northern one of these | 

The eastern one of the 3 between the claws 

The northern one of the 2 remaining eastern ones 

The southern one of these 

The western star of the more southern 3 of the 
southern claw 

The northern one of the.2 remaining eastern ones 

The southern one of these 
In all, 9 stars, of which 1 is of 3rd magnitude, 

5 of 4th, 2 of 5th, 1 of 6th. 


Constellation of the Scorpion 

The northern one of the 3 bright ones in the forehead 

The middle one of these 

The southern of the 3 

The star south of this again, in one of the feet 

The northern one of the 2 lying beside the northern- 
most of the bright ones 

The southern one of these : 

The western star of the 3 bright ones in the body 

The red middle one of these called Antares 

The eastern one of the 3 

The western one of the 2 beneath these in the farthest 
foot 

The eastern one of these 

The star in the first joint from the body 

The star after this one in the 2nd joint 

The northern one of the double star in the 3rd joint 
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Longitude 


Balance 18° 
Balance 17° 


Balance 221%° 
Balance 1724° 
Balance 24° 
Balance 211° 
Balance 275¢° 
Scorpion 3° 


Balance 2614%° 


Scorpion 324° 
Scorpion 414° 
Scorpion 314° 
Scorpion % 
Scorpion 11° 


Balance 23° 
Scorpion 11° 
Scorpion 2° 


Scorpion 614° 
Scorpion 524° 
Scorpion 524° 
Scorpion 6° , 


Scorpion 7° 

Scorpion 614° 
Scorpion 1024° 
Scorpion 1224° 
Scorpion 1414° 


Scorpion 914° 
Scorpion 1024° 
Scorpion 184° 
Scorpion 185° 
Scorpion 20° 
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Latitude Maan. 


N%° 
N24”" 


N856° 
N8)4° 
$124° 


N43;° 
N314° 
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248 PTOLEMY 


Configurations 
The southern one of the double 
The next one in the 4th joint 
The star after this one in the 5th joint 
The star next to this last in the 6th joint 
The star in the 7th joint near the center 
The eastern one of the 2 in the center 
The western one of these 
In all, 21 stars, of which 1 is of 2nd magnitude, 
13 of 3rd, 5 of 4th, 2 of Sth. 


The Unfigured Stars about the Scorpion 
The nebula east of the center 
The western star of the 2 north of the center 
The eastern one of these 
In all, 3 stars, of which 2 are of 5th magnitude, 
a nebula. 


Constellation of the Archer 

The star at the tip of the arrow 

The star in the grip of the left hand 

The star in the southern part of the bow 

The southern star of those in the northern part of 
the bow 

The northern of these, at the tip of the bow 

The star in the left shoulder 

The star west of this in the arrow 

The nebular and double star in the eye 

The western star of the 3 in the head 

The middle one of these 

The eastern one of the 3 

The southern one of the 3 in the northern part of 
cloak 

The middle one of these 

The northern one of the 3 

The dim one east of these 3 

The northern one of the 2 in the southern part of 
cloak 

The southern one of these 

The star in the right shoulder 

The star in the right elbow 

Of the 3 in the back, the star in the broad of the back 

The middle one of these in the shoulder blade 

‘The remaining one below the armpit 

The star in the left fore-ankle 

The star in the knee of the same foot 

The star in the right fore-ankle 

The star in the left thigh 

The star in the right forearm behind 

The western stur of the northern side of the 4 at the 
beginning of the tail 

The eastern star of the northern side 

The western star of the southern side 

The eastern star of the southern side 
In all, 31 stars, of which 2 are of 2nd magnitude, 

9 of 3rd, 9 of 4th, 8 of 5th, 2 of 6th, a nebula. 


Constellation of the Goat 
The northern star of 3 in the eastern horn 
The middle star of these 


Longitude 
Scorpion 201° 
Scorpion 2314° 
Scorpion 281,° 
Archer 1° 
Scorpion 29° 
Scorpion 2714° 
Scorpion 27° 


Archer 116° 
Scorpion 2514° 
Scorpion 2514° 


Archer 414° 
Archer 72° 
Archer 8° 


Archer 9° 

Archer 624° 
Archer 151° 
Archer 13° 

Archer 151° 
Archer 1524° 
Archer 
Archer 191¢° 


Archer 211° 
Archer 221° 


Archer 2256° 
Archer 2524° 
Archer 2914° 
Archer 2724° 
Archer 223° 
Archer 2456° 
Archer 20° 

Archer 173° 
Archer 1614° 
Archer 172° 
Archer 17° 

Archer 634° 
Archer 2714° 
Archer 2356° 
Archer 2724° 


Archer 2856° 
Archer 
Archer 293° 


Goat 74° 
Goat 73° 


Latitude Magn. 
S18° 
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THE ALMAGEST, VIII 


Configurations 

The southern one of the 3 

The star at the tip of the western horn 

The southern star of the 3 in the muzzle 

The western one of the remaining 2 

The eastern one of these 

The western one of the 3 under the right eye 

The northern one of the 2 in the neck 

The southern one of these 

The star in the left bent knee 

The star under the right knee 

The star in the left shoulder 

The western star of the 2 close together under the 
belly 

The eastern one of these 

The eastern one of the 3 in the middle of the body 

The southern one of the 2 remaining western stars 

The northern one of these 

The western one of the 2 in the back 

The eastern one of these 

The western one of the 2 in the southern part of the 
thorn 

The eastern one of these 

The western star of the 2 near the tail 

The eastern one of these 

The western one of the 4 in the northern part of the 
tail 

The southern one of the remaining 3 

The middle one of these 

The northern one of these at the tail end 
In all, 28 stars, of which 4 of 3rd magnitude, 9 of 

4th, 9 of 5th, 6 of 6th. 


Constellation of the Water Bearer 

The star in the head of the Water Bearer 

The brighter of the 2 in the right shoulder 

The dimmer one beneath this 

The star in the left shoulder 

The star under it in the back, as if under the armpit 

The eastern one of the 3 in the left hand in the strap 

The middle one of these 

The western one of the 3 

The star in the right forearm 

The northern one of the 3 in the end of the right 
hand 

The western one of the remaining 2 northern ones 

The eastern one of these 

The western star of the 2 close together in the right 
socket 

The eastern one of these 

The star in the right buttock 

The southern star of the 2 in the left buttock © 

The northern one of these 

The southern star of the 2 in the right shin 

The northern one of these below the bend of the knee 

The star in the left calf 

The southern one of the 2 in the left shin 

The northern one of these under the knee 

The western one of those in Lag flow of water from 
the hand 


Longitude 
Goat 

Goat 5° 
Goat 9° 
Goat 
Goat 
Goat 
Goat 
Goat 1156° 
Goat 
Goat 1056° 
Goat 


Goat 20° 
Goat 2014° 
Goat 1814° 
Goat 
Goat 
Goat 16324° 
Goat 21° 


Goat 
Goat 25° 
Goat 2456° 


Goat 261° 


Goat 2656° 
Goat 
Goat 272° 
Goat 


Water Bearer 14° 
Water Bearer 614° 
Water Bearer 516° 
Goat 261%° 
Goat 271° 
Goat 172° 
Goat 
Goat 


Water Bearer 1124° 
Water Bearer 12° 
Water Bearer 1314° 


Water Bearer 
Water Bearer 7° 
Water Bearer 
Water Bearer 
Water Bearer 
Water Bearer 1124° 
Water Bearer 1114° 
Water Bearer 424° 
Water Bearer 814° 
Water Bearer 756° 


Water Bearer 15° 


16° | 
1424° 
Water Bearer 914° 
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Latitude Magn. 


N5° 
N8° 
N3;° 
N13/° 
N14? 
N36? 
N35¢° 
N56? 
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250 PTOLEMY 


Configurations Longitude Latitude Magn 

The star near this last southwards Water Bearer 15%° N° 4 
The star near this last after the curve Water Bearer 1724° S1\%° 4 
The star still east of this Water Bearer 20° se? 4 
The star in the curve south of this last Water Bearer 2014° 813° 4 
The northern one of the 2 south of this Water Bearer 19° $31%° 4 
The southern one of the 2 Water Bearer 1954° 841¢° 4 
The lone star distant from these towards the south Water Bearer 20%° S814° 5 
The western star of the 2 close together after this one Water Bearer 2224° S11° 5 
The eastern one of these Water Bearer 2314° S103° 5 
The northern one of the 3 in the nearby stream Water Bearer 2124° S14° 5 
The middle one of the 3 Water Bearer 2214° 81434° 5 
The eastern one of these : Water Bearer 23146° $1524° 5 
The northern one of the next 3, in like manner Water Bearer 17° S14? 4 
The southern one of the 3 Water Bearer 1844° $1534° 4 
The middle one of these Water Bearer 17%° 815° 4 
The western one of the 3 in the remaining stream Water Bearer 115¢° 8143;4° 4 
The southern one of the remaining 2 Water Bearer 12144° 815° 4 
The northern one of these Water Bearer 1314%°  §S14° 4 
The last star in the water and in the southern Fish’s 

mouth Water Bearer 7° $2014° 1 

In all, 42 stars, of which 1 is of 1st magnitude, 

9 of 3rd, 18 of 4th, 13 of 5th, 1 of 6th. 

The Unfigured Stars about the Water Bearer 
The western star of the 3 stars east of the water’s 

curve Water Bearer 2624° S1514° 4+ 
The northern one of the remaining 2 Water Bearer 2924° 81424° 4+ 
The southern one of these Water Bearer 29° $1814° 4+ 


In all, 3 stars of 4th magnitude. 
Constellation of the Fishes 


The star in the mouth of the western Fish Water Bearer 2124° N9%° 4 
The southern one of the 2 in the top of his head Water Bearer 244%° N714° 4 
The northern one of these Water Beurer 26° NQ14° 4 
The western one of the 2 in the back Water Bearer 284%° N9%° 4 
The eastern one of these Fishes 34° N7%° 4 
The western one of the 2 in the belly Water Bearer 26° N44° 4 
The eastern one of these Water Bearer 2924° N34° 4 
The star in the tail of the same Fish Fishes 6° N634° 4 
The first star from the tail, in the cord Fishes 11° N534° 6 
The eastern one of these Fishes 13° N334° 6 
The western star of the 3 bright ones following Fishes 17Y%° N214° 4 
The middle one of these Fishes 20%° N1ilé° 4 
The eastern one of the 3 Fishes 23° si¢° 4 
The northern one of the 2 little ones in the curve 

under these Fishes 2214%° §$2° 6 
The southern one of these Fishes 23° 85° 6 
The western one of the 3 after the curve Fishes 264%° S214° 4 
The middle one of these Fishes 2824° S424° 4 
The eastern one of the 3 Ram 2° ~=—s« S$ 784° 4 
The star in the knot of the 2 cords Ram 2%° §8814° 3 
The star west of the knot, in the northern cord Ram Y%° $126° 4 
The southern one of the next 3 after it Ram yo =N156° 5 
The middle one of these Ram 2° ss N5 8° 3 
The northern one of the 3, and at the tail’s end Ram %° =N9° 4 
The northern one of the 2 in the mouth of the eastern 

Fish Ram 2° N213¢° 5 
The southern one of these Ram 134° N21%%° 5 
The eastern of the 3 little ones in the head Fishes 2824° N20° 6 


THE ALMAGEST, VIII 


Configurations 
The middle one of these 
The western one of the 3 
The western star of the 3 in the southern fin after 
the star in Andromeda’s elbow 
The middle one of these 
The eastern one of the 3 
The northern one of the 2 in the belly 
The southern one of these 
The star in the eastern fin near the tail 
In all, 34 stars, of which 2 are of the 3rd magnitude, 
22 of the 4th, 3 of the 5th, 7 of the 6th. 


The Unfigured Stars about the Fishes 
The western star of the 2 northern ones of the square 
under the western Fish 
The eastern one of these 
The western star of the southern side 
The eastern one of the southern side 
In all 4 stars of 4th magnitude. 
—Thus, in all, 346 sturs of the zodiac, of which 
5 are of 1st magnitude, 9 of 2nd, 64 of 3rd, 
133 of 4th, 105 of 5th, 27 of 6th, 3 nebulae, 
and the Hair. 


Constellation of the Sea-Monster 

The star at the nostril tip 

The eastern star of the 3 in the muzzle, at the tip of 
the jaw 

The middle one of these in the middle of the mouth 

The western one of the 3, in the cheek 

The star in the brow and eye 

The star north of this in the hair of the head 

The star west of these in the flowing hair 

The northern star of the western side of the square 
in the chest 

The southern star of the western side 

The northern star of the eastern side 

The southern star of the eastern side 

The middle one of the 3 in the body 

The southern one of these 

The northern one of the 3 

The eastern one of the 2 near the tail 

The western one of these 

The northern star of the eastern side of the square 
near the tail 

The southern one of the eastern side 

The northern star of the western side 

The southern one of the western side 

The northern star of the 2 at the tail’s tip 

The star at the tail’s southern end 
In all, 22 stars, of which 10 are of 3rd magnitude, 

8 of 4th, 4 of 5th. 


Constellation of Orion 

The nebula in Orion’s head 

The bright red star in the right shoulder 
The star in the left shoulder 

The eastern star below this 


Longitude 
Fishes 2724° 
Fishes 27° 


Fishes 2524° 
Fishes 2614° 
Fishes 2724° 
Ram 2° 
Fishes 295° 
Ram 0° 


Fishes 11° 
Fishes 214° 
Fishes 24° 
Fishes 214° 


Ram 173° 


Ram 
Ram 123° 
Ram 
Ram 10%° 
Ram 
Ram 73° 


Ram 3° 
Ram 3° 
Ram 626° 
Ram, Ie 
Fishes 22° 
Fishes 23° 
Fishes 25° 
Fishes 1924° 
Fishes 15° 


Fishes 11° 


- Fishes 1024° 


Fishes 91° 
Fishes 9° 

Fishes 414° 
Fishes 524° 


Bull 27° 
Twins. 2° 
Buli 24° 
Bull 25° 
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Latitude Magn. 


N1956¢° 
N2014° 


N1444° 
N1314° 
N12° 
N17° 
N15‘ 
N1134° 


$226° 
§214° 
$514° 
§$514° 


8734° 


§1214° 
s11° 
$14° 
58 16° 
S614° 
S41¢° 


§2414° 


$1324° 
$142¢° 
$13° 
$14° 
S926° 
S$20%° 


$1314° 
817° 


$1714° . 


518° 
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252 PTOLEMY 


Configurations 

The star in the right elbow 

The star in the right forearm 

The eastern double star of the southern side of the 
square in the right hand 

The western star of the southern side 

The eastern star of the northern side 

The western star of the northern side 

The western star of the 2 in the club 

The eastern one of these 

The eastern one of the 4 stars in a straight line in 
the back 

The star west of this one 

The star still west of this last 

The last and western one of the 4 

The northern one of those in the skin held by the left 
hand 

The 2nd one from the northernmost 

The 3rd from the northernmost 

The 4th from the northernmost 

The 5th from the northernmost 

The 6th from the northernmost 

The 7th from the northernmost 

The 8th from the northernmost 

The last and southernmost of those in the skin 

The western star of the 3 in the belt 

The middle one of these 

The eastern one of the 3 

The star in the handle of the dagger 

The northern one of the 3 bunched at the tip of the 
dagger 

The middle one of these 

The southern one of the 3 

The eastern star of the 2 under the tip of the handle. 

The western one of these 

The bright star in the left foot common with the 
Water 

The northern one -of those above the ball of the 
anklejoint in the shin 

The star outside under the left heel 

The star under the right and eastern knee 
In all, 38 stars, of which 2 are of the lst magni- 

tude, 4 of the 2nd, 8 of the 3rd, 15 of the 4th, 
3 of the Sth, 5 of the 6th, a nebula. 


Constellation of the River 

The star after the star in the foot of Orion at the 
beginning of the River 

The star north of this one in the bend near Orion’s 
shin 

The eastern one of the 2 after this one 

The western one of these 

Again the eastern one of the next 2 

The western one of these 

The eastern one of the 3 after this last 

The middle one of these 

The western one of the 3 

The eastern star of the 4 in the next interval 

The star west of this one 

The star west again of this last 


Longitude 
Twins 414° 
Twins 6%° 
Twins 61%° 
Twins 6° 
Twins 714° 
Twins 634° 
Twins 13° 
Twins 424° 
Bull 2756° 
Bull 2614° 
Bull 254° 
Bull 241° 
Bull 2014° 
Bull 19%° 
Bull 18° 
Bull 161° 
Bull 151 6. 
Bull 145¢° 
Bull 1456° 
Bull 154° 
Bull 164° 
Bull. 254° 
Bull 271%° 
Bull 28° 
Bull 235° 
Bull 2614° 
Bull 262 2° 
Bull. 24. 
Bull , 272° 
Bull 2614° 
Bull  195¢° 
Bull 21° 
Bull 231° 
Twins 6 
Bull 184° 
Bull 1814° 
Bull 18° 
Bull 142° 
Bull 13%%° 
Bull 104%° 
Bull 6%° 
Bull 54° 
Bull 256° 
Ram 27° 
Ram 24%° 
Ram 24%° 


Latitude Magn. 


S14%° 
S115¢° 


$10° 
S934° 
584° 
S8%° 
8334° 
S44° 


$192%° 
S20° 

S204¢° 
$2034° 


Ss° 
S816 
$1014? 
$125¢° 
su? 
$1554° 
S17¥%° 
S201%° 
$2114° 
S241¢° 
$2454° 


§$3114° 
S3014° 


§3114° 
53314° 


S3156° 


52814° 
S2956° 
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THE ALMAGEST, VIII 


Configurations 

The western one of the 4 

Likewise the eastern one of the 4 in the next interval 

The star west of this last 

The star again west of this 

The western one of the 4 

The first star in the bend of the River and touching 
the chest of the Sea-Monster 

The star east of this 

The western one of the next 3 

The middle one of these 

The eastern one of the 3 

The northern one of the western side of the 4 in a 
trapezium 

The southern one of the western side 

The western one of the eastern side 

The eastern one of this side and last of the 4 

The northern one of the 2 distant stars to the east 
and close together 

The southern one of these 

The eastern one of the next 2 after the turn 

The western one of these 

The eastern one of the 3 in the next interval 

The middle one of these 

The western one of the 3 

The last and bright star of the River 
In all, 34 stars, of which 1 is of lst magnitude, 
- 5 of 3rd, 26 of 4th; 2 of Sth. 


Constellation of the Hare 

The northern star of the western side of the square 
down over the ears 

The southern one of the western side 

The northern one of the eastern side 

The southern one of the eastern side 

The star in the chin 

The star in the left forefoot 

The star in the middle of the body 

The star under the belly = 

The northern one of the 2 in the hind-feet 

The southern one of these 

The star in the loin 

The star at the tail’s tip 
In all, 12 stars, of which 2 are of 3rd magnitude, 

6 of 4th, 4 of 5th. 


Constellation of the Dog 

The brightest and red star in the face called the Dog 
The star in the ears 

The star in the head 

The northern one of the 2 in the neck 

The southern one of these 

The star in the chest 

The northern one of the 2 in the right knee 
The southern one of these 

The star at the end of the forefoot 

The western star of the 2 in the left knee 
The eastern one of these 

The eastern star of the 2 in the left shoulder 
The western one of these 


Longitude 
Ram 22° 
Ram 174%° 
Ram 14! 6° 
Ram 126° 
Ram _ 10! 6° 
Ram 56° 
Ram 556° 
Ram 836° 
Ram 1356° 
Ram 174° 
Ram 211° 
Ram 2114%4° 
Ram 22! é° 
Ram 243° 
Bull 41° 
Bull 5° 
Ram 281? 
Ram 253¢° 
Ram 175° 
Ram 145¢° 
Ram 115¢° 
Ram 1 6° 
Bull 1926° 
Bull 1956° 
Bull 213° 
Bull 2144° 
Bull 191%° 
Bull 16%° 
Bull 253€° 
Bull 243° 
Twins 1° 
Bull 29° 
Twins 0° 
Twins 23° 
Twins 1723° 
Twins 1934° 
Twins 2114° 
Twins 2314° 
Twins 254° 


Twins 2014° 


Twins 1614° 


Twins 16° 
Twins 11° 
Twins 1423° 
Twins 1614° 
Twins 242° 
Twins 2136° 


253 


Latitude Magn. 


528° 
$2514° 


S501° 
$5134° 
$5336 ° 
$53 6° 
853° 

853° 
$521¢° 
$5314° 
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254 PTOLEMY 


Configurations 
The star at the beginning of the left thigh 
The star under the belly betwen the thighs 
The star in the joint of the right foot 
The star at the tip of the right foot 
The star in the tail 
In all, 18 stars, of which 1 is of lst magnitude, 
5 of 3rd, 5 of 4th, 7 of 5th. 


The Unfigured Stars about the Dog 

The star north of the Dog’s head 

The southernmost one of the 4 in a straight line 
under the hind-feet 

The star north of this 

The star still north of this 

The last and northern star of the 4 

The western star of the 3 in a straight line east of 
these 4 

The middle one of these 

The eastern one of the 3 

The eastern star of the 2 bright ones under these 

The western star of these 

The last and southern star of the foregoing 
In all, 11 stars, of which 2 are of 2nd magnitude, 
9 of 4th. 


Constellation of Procyon (Little Dog) 
The star in the neck 
The bright star in the hinder parts called Procyon 
In all, 2 stars, of which 1 is of lst magnitude, 
1 of 4th. 


Constellation of the Argus 

The western star of the 2 in the stern-post ornament 

The eastern one of these 

The northern one of the 2 close together above the 

Shield in the stern 

The southern one of these 

The star west of these 

The bright star in the middle of the Shield 

The western star of the 3 below the Shield 

The eastern one of these 

The middle one of the 3 

The star in the goose neck of the stern 

The northern one of the 2 in the stern-keel 

The southern one of these 

The northern of those in the deck of the poop 

The western one of the next 3 

The middle one of these 

The eastern one of the 3 

The bright one east of these, on the deck 

The western one of the 2 dim stars under the bright 
one 

The eastern one of these 

The eastern star of the 2 above the bright one 

The western one of these 

The northern star of the 3 in the shields near the 
mastholder 

The middle one of these 

The southern one of the 3 


Longitude 
Twins 2624° 
Twins 232° 
Twins 23° 
Twins 924° 
Crab 216° 


Twins 1914° 


Twins 10° 
Twins 1114° 
Twins 13° 
Twins 143¢° 


Bull 28° 
Twins %° 
Twins 24° 
Bull 29° 
Bull 26° 
Bull 221° 


Twins 25° 
Twins 291¢° 


Crab 1014° 
Crab 1414° 


Crab. 856° 
Crab 826° 
Crab 514° 
Crab 614° 
Crab 514° 
Crab 914° 
Crab 814° 
Crab 14° 

Crab 4° 

Crab 4° 

Crab 101° 
Crab 121 6° 
Crab 1324° 
Crab 164° 
Crab 21%° 


Crab 181° 
Crab 21° 

Crab 23%° 
Crab 241° 


Lion 526° 
Lion 616° 
Lion 4° 


Latitude Magn. 


$4834° 
§5114° 
S5516° 
$5334° 
$5024° 


$2514° 


8614° 
85834° 
S57° 
S56° 


$5514° 
$5724° 
$5956 ° 
$5926° 
85734° 
$5914° 


$14° 
S163¢° 


$4214° 
S431%° 


S45° 

S461¢° 
$4514° 
S4714° 
$4934° 
$4914° 


$4914° . 


$4956° 
S53° 

858 34° 
$5514° 
558 34° 
857 14° 
$5756° 
$58 24° 


S60° 

859 14° 
$56 34° 
$57 24° 


S$5114° 
$55 24° 
S57Y6° 
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THE ALMAGEST, VIII 


Configurations 
The northern one of the 2 close together under these 
The southern one of these 
The southern one of the 2 in the middle of the mast 
The northern one of these 
The western star of the 2 near the tip of the mast 
The eastern one of these 
The star below the 3rd and eastern shield 
The star on the section of the deck 
The star between the oars in the keel 
The dim star east of this 
The bright star east of this below the deck 
The bright star south of this in the lower keel 
The western star of the 3 east of this 
The middle one of these 
The eastern one of the 3 
Of the 2 east of these, the western one near the 
section 
The eastern one of these 
The western one of the 2 in the northern and western 
oar 
The eastern one of these 
Of the 2 in the remaining oar the western star called 
Canopus 
The last and eastern one of these 
In all, 45 stars, of which 1 is of lst magnitude, 
6 of 2nd, 11 of 3rd, 19 of 4th, 7 of 5th, 1 of 6th. 


Constellation of the Water-Snake 

Of the 2 western stars in the head, the southern one 
in the nostrils 

The northern one of these, above the eye 

Of the 2 stars east of these, the northern one near the 
top of the head 

The southern one of these, in the open mouth 

The star east of them all in the Jaw 

The western one of the 2 at the beginning of the neck 

The eastern one of these 

The middle one of the next 3 in the curve of the neck 

The eastern one of the 3 

The southernmost of these 

The dim northern star of the 2 close together in the 
south ; 

The bright one of these 2 

The western star of the 3 east of the curve 

The middle one of these 

The eastern one of the 3 

The western one of the next 3 almost in a straight 
line 

The middle one of these 

The eastern one of the 3 

The northern one of the 2 after the base of the Bowl 

The southern one of these 

The western one of the 3 in the triangle after these 

The middle and southern one of these 

The eastern one of the 3 

The star behind the Raven near the tail 

The star at the tip of the tail 
In all, 25 stars, of which 1 is of 2nd magnitude, 

3 of 3rd, 19 of 4th, 1 of Sth, 1 of 6th, 


Longitude 
Lion 91 6° 
Lion 9° 
Lion Yee 
Crab 2914° 
Crab 28° 
Crab 29° 
Lion 14° 
Lion 171%° 
Crab 11} 6° 
Crab 19° 
Lion 0° 
Lion 81 6° 
Lion 15° 
Lion 21%° 
Lion 26° 
Virgin 1° 
Virgin 8° 
Twins 4° 
Twins 20° 
Twins 17} 6° 
Twins 29° 
Crab 14° 
Crab 131%° 
Crab 151 2° 
Crab 154° 
Crab . 1714° 
Crab 201° 
Crab 234° 
Crab  285¢° 
Lion 24° 
Crab 281 6° 
Crab 291° 
Lion 0° 
Lion 6° 
Lion 824° 
Lion 11} 6° 
Lion 18° 
Lion 20° 
Lion 235 
Virgin 1} 6° 
Virgin 214° 
Virgin 12)%°.. 
Virgin 14%° 
Virgin 161° 


Balance | 0° 
Balance 1314° 
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Latitude Magn. 


S60° 
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8$515¢° 
S49° 
s4314° 
S4314° 
$5414° 
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S63° 

S6414° 
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S6924° 
S6524° 
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S6714° 
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875° 
$7134° 


$15° 
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Configurations 
The Unfigured Stars about the Water-Snake 
The star in the southern part of the head 
The star far east of those in the neck 
In all, 2 stars of 3rd magnitude. 


Constellation of the Bowl 

The star in the base of the Bowl common to the 
Water-Snake 

The southern one of the 2 in the middle of the Bow] 

The northern one of these / 

The star on the southern edge of the face 

The star on the northern edge 

The star on the southern handle 

The star on the northern handle 
In all, 7 stars of 4th magnitude. 


Constellation of the Raven 

The star in the beak and common with the Water- 
snake 

The star in the neck near the head 

The star in the breast 

The star in the western and right wing 

The western star of the 2 in the eastern wing 

The eastern one of these 

The star at the end of the foot, common with the 
Water-Snake 
In all, 7 stars, of which 5 are of 3rd magnitude, 

1 of 4th, 1 of 5th. 


Constellation of the Centaur 

The southernmost of the 4 in the head 

The northernmost of these 

The western star of the remaining 2 middles ones 

The eastern and last one of these 4 

The star on the left and western shoulder 

The star on the right shoulder 

The star on the left shoulder blade 

The northern star of the 2 western ones of the 4 in 
the wand 

The southern one of these 

Of the remaining 2, the star at the tip of the wand 

The remaining one south of this 

The western one of the 3 in the right side 

The middle one of these 

The eastern one of the 3 

The star in the right arm 

The star in the right forearm 

The star at the tip of the right hand 

The bright star at the beginning of the human body 

The eastern star of the 2 dim stars north of this one 

The western one of these 

The star at the beginning of the back 

The star west of this last on the horse’s back 

The eastern star of the 3 in the loins 

The middle one of these 

The western one of the 3 

The western star of the 2 close together in the right 
thigh 

The eastern one of these 


Longitude 


Crab 124° 
Lion 11° 


Lion 261° 
Virgin 21%° 
Virgin 0° 

Virgin 7° 

Lion 2914%° 
Virgin 91° 
Virgin 12 3° 


Virgin 151° 
Virgin 144° 
Virgin 162° 
Virgin 134° 
Virgin 1624° 
Virgin 17° 


Virgin 2014° 


Balance 1014%° 
Balance 10° 

Balance 914° 
Balance 10° 

Balance 614° 
Balance 1524° 
Balance 91° 


Balance 184° 
Balance 1914° 
Balance 22° 
Balance 221° 
Balance 1314° 
Balance 14° 
Balance 1516° 
Balance 1614° 
Balance 2256° 
Balance 2714° 
Balance 18° 
Balance 1724° 
Balance 165¢° 
Balance 12 ~H ? 
Balance 
Balance ee 
Balance 5° 
Balance 224° 


Balance 224° 
Balance 314° 


Latitude Magn. 
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$1614° 3 
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Configurations 
The star in the chest under the horse’s armpit 
The western star of the 2 under the belly 
The eastern one of these 
The star in the bend of the right foot 
The star in the ankle of the same foot 
The star under the ankle of the left foot 
The star in the frog of the same foot 
The star at the tip of the right forefoot 
The star in the knee of the left foot 
The star outside under the right hind-foot 
In all, 37 stars, of which 1 is of Ist magnitude, 
5 of 2nd, 7 of 3rd, 16 of 4th, 8 of 5th. 


Constellation of the Wild Beast (Lupus) 

The star at the end of the hind-foot near the Cen- 
taur’s hand 

The star in the hand of the same foot 

The western star of the 2 on the shoulder-blade 

The eastern one of these 

The star in the middle of Wild Beast’s body 

The star in the belly under the flank 

The star in the thigh 

The northern one of the 2 near the beginning of the 
thigh 

The southern one of these 

The star at the end of the loins 

The southern star of the 3 at the tip of the tail 

The middle one of the 3 

The northern one of these 

The southern star of the 2 in the neck 

The northern one of these 

The western one of the 2 in the muzzle 

The eastern one of these 

The southern one of the 2 in fore-foot 

The northern one of these 
In all, 19 stars, of which 2 are of 8rd magnitude, 

11 of 4th, 6 of Sth. 


Constellation of the Censer (Ara) 
The northern star of the 2 in the base 
The southern one of these 
The star in the middle of the altar-like vessel 
The northern one of the 3 in the brazier 
The southern one of the remaining 2 contiguous ones 
The northern one of these 
The star at the end of the burning 
In all, 7 stars, of which 5 are of 4th magnitude, 
2 of Sth. 


Constellation of the Southern Crown 

The outside westein star of the southern edge 

The eastern star of those on the Crown 

The star east of this one 

The star again east of this one 

The star after this one in front of the Archer’s groin 

The star after this one and north of the bright one 
in the knee 

The star north of this one 

The star still north of this one 


Longitude 
Balance 184° 
Balance 16%° 
Balance 1724° 
Balance 10° 
Balance 1514° 
Balance 614° 
Balance 114° 
Scorpion 814° 
Balance 241° 
Balance 1424° 


Balance 28° 

Balance 255° 
Scorpion 1° 
Scorpion 4% 
Scorpion 3° 
Scorpion J? 
Scorpion 14° 


° 


Scorpion 424° 
Scorpion 324° 
Scorpion 524° 
Balance 22° 

Balance 2156° 
Balance 23° 

Scorpion 85° 
Scorpion 914° 
Scorpion 524° 
Scorpion 624° 
Balance 2714° 
Balance 2614° 


Scorpion 2724° 
Archer 3° 

Scorpion 2614° 
Scorpion 2024° 
Scorpion 251° 
Scorpion 25° 

Scorpion 205¢° 


Archer 916° 


Archer 1124° 
Archer 131%° 
Archer 145¢° 
Archer 161° 
Archer 17° 

Archer 165£° 
Archer 164° 
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Configurations Longitude Latitude Magn. 
The eastern one of the 2 western ones following this 
last on the northern edge Archer 154° §1516° 6 
The western one of these 2 dim ones Archer 1424°, §145¢° 6 
The star rather west of this one Archer 115¢° $142%° 5 
The star still west of this Archer 926° §$1536¢° 5 
The last one south of this last Archer 94° §81814° 5 


In all, 13 stars, of which 5 are of 4th magnitude, 
6 of 5th, 2 of 6th. 


Constellation of the Southern Fish 
The star in the mouth, the same as that at the 


beginning of the Water Water Bearer 7° S2014° 1 
The western star of the 3 at the southern edge of 

the head Water Bearer. 24° S201¢° 4 
The middle one of these Water Bearer 44%° . 82217° 4 
The eastern one of the 3 Water Bearer 514° §221¢° 4 
The star near the gills Water Bearer 414°. S1614° 4+ 
The star in the southern spinal fin Gout 25%° 819° 5 
The eastern one of the 2 in the belly Water Bearer 1K%° S15%° es 
The western one of these Goat 285° §142¢° 4 
The eastern one of the 3 in the northern fin Goat 254° §15° 4 
The middle one of these Goat 215° S16%° 4 
The western one of the 3 Goat. 21°. §18%° 4 
The star at the tip of the tail Goat 20° 8S2214° 4 

In all, 12 stars, of which 1 is of the 1st magnitude, 

. 9of 4th, 2 of 5th. 
The Unfigured Stars about the Southern Fish 
The western one of the 3 bright stars west of the Fish Goat 8° $2214° 3- 
The middle one of these Goat 11%°  S221%° 3- 
The eastern one of the 3 Goat 11° §2114° 3- 
The dim star west of this Goat 12° S2056° 5 
The southern star of the remaining 2 to the north Goat 1356° | S17° 4 
The northern one of these Goat 1856° S145¢° 4 


In all, 6 stars, of which 3 are of 3rd magnitude, 
2°of 4th; 1’of 5th. 


Thus there are 316 stars in the southern part, of which 7 are of Ist magnitude, 18 of 2nd, 
63 of 3rd, 164 of 4th, 54 of 5th, 9 of 6th, and 1 nebula. 

Thus altogether there are 1022 stars, of which 15 are of Ist magnitude, 45 of 2nd, 208 of 
3rd, 474 of 4th, 217 of 5th, 49 of 6th, 9 dim ones, 5 nebulae, and the Hair. 


2. On THE POSITION OF THE MiILKY WAY 


Now this is the exposition we give of the fixed stars, and next we add on the 
things having to do with the position of the Milky Way as far as we can and to 
the extent we have observed each of its parts, trying to represent its particular 
appearances. 

It is easily seen that the Milky Way is not simply a circle but a zone having 
quite the color of milk, whence its name; and that it is not regular and ordered, 
but different in width, color, density, and position; and that in one part it is 
double. These particulars we find needing careful observation. 

Now, the double part of this zone has one of its junctions near the Censer 
[Ara] and the other at the Bird [Cygnus]. The western zone nowhere touches 
the other, for it divides at the junction at the Censer and at the junction at the 
Bird, the eastern zone joining the other part of the Milky Way and making one 
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zone which the great circle drawn in its middle would traverse. We shall first 
discuss this zone beginning with its southernmost parts. 

These parts go through the Centaur’s feet, and are thinner and fainter. The 
star in the bend of the right hind-foot is a little south of the northern line of the 
Milky Way; likewise the star in the left fore-knee and the star under the right 
hind-ankle. The star in the left hind shank lies in the middle of the Milky Way, 
the star in the same ankle and the star in the right fore-ankle being very nearly 
2° north of the southern arc. And the parts about the hind-feet are rather 
denser. 

Next, the northern arc of the Milky Way is very nearly 114° from the star in 
the loin of the Beast [Lupus], and the southern arc intercepts the star at the 
Censer’s ember, touching the more northern of the two consecutive stars in the 
brazier, and the more southern of the two in the base. The star in the northern 
part of the brazier and the star in the middle of the brazier lie in the Milky Way 
itself. And these parts are thinner. 

Next, the northern part of the Milky Way intercepts the three joints pre- 
ceding the Scorpion’s centre and the nebular mass following the centre. The 
southern are touches the star in the Archer’s right fore-ankle and intercepts the 
star in his left hand. The star in the southern part of the Archer is outside the 
Milky Way, and the star at the arrow’s point is in the middle of it. In the north- 
ern part of the Archer each of the stars lies a little more than 1° from either arc: 
the southern one from the southern arc, and the northern one from the opposite 
arc. And the parts about the three joints are slightly denser, the parts about the 
arrow’s point appearing quite dense and smoky. 

The following parts are slightly thinner, and extend along the Eagle, keeping 
the same width. The star in the tip of the tail of the Serpent which the Serpen- 
tarius [Ophiouchus] holds, lies in the open sky a little more than 1° from the 
western arc of the Milky Way. The two western stars of the bright ones lying 
under it lie in the Milky Way itself, the more southern one 1° from the eastern 
are and the more northern 2°. Of those in the Eagle’s right shoulder the eastern 
star touches the same arc; andthe western one is cut off within it, and likewise 
the bright western star of those in the left wing. And the bright star in the back 
and the two in a straight line with it just fail to touch the same arc. 

After these parts, the whole Arrow [Sagitta] is enclosed in the Milky Way, and 
the star at the point is 1° from the eastern arc, and the star at the notched end 
is 2° from the western arc. The parts near the Eagle are slightly denser, and the 
rest slightly thinner. 

The Milky Way next passes through the Bird. The northerwestern arc is 
bounded in its curve by the star in the Bird’s southern shoulder, by the star 
under it in the wing, and by the two stars in the southern foot. The southeastern 
arc is bounded by the star in the tip of the southern flat of the wing and it en- 
closes within itself the two figured stars under the same wing which are nearly 
2° from it. The parts about the wings are slightly thicker. 

The parts following are included in this zone and are much denser and as if 
coming from another beginning. For they lean to the extreme parts of the other 
zone, and, making a gap with it on the southern side, they now join with the 
zone we have just spoken of which is very thin at the junction. After the gap in 
density with respect to the other zone, they begin from the bright star in the 
Bird’s rump and from the nebular mass in the northern knee. Then, turning 
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slightly as far as the star in the southern knee, they extend 
thinned out, as far as the tiara of Cepheus, and are bound: 
side by the southern star of the three in the tiara and by th 
three at which they make two eminences, one pointing to 
other to the southeast. 

After these parts, the Milky Way encloses the whole of Cz 
star at the tip of the foot. The southern arc is bounded by 
peia’s head, and the northern are by the star in the foot of 
star in Cassiopeia’s calf. The other stars about her all lie ; 
Near the arcs the parts are of a thinner mass, while thos 
Cassiopeia show an extended density. 

And next, the right side of Perseus is enveloped by the M 
star outside Perseus’ right knee bounds the northern side wk 
and the bright star in the right rib and the two eastern star: 
of it bound the southern side which is the densest. The n 
handle, the star in the head, the star in the right shoulder, 
right elbow are all enveloped in it. The quadrilateral in the ri 
the star in the calf of the same leg lie in the middle of the 
in the right heel being itself a little within the southern sid 

And after these parts the zone, showing a slightly thinner 
the Charioteer. The star in the right shoulder cailed the Goa 
two in the right forearm just fail to touch the northeaster 
Way. The little star above the left foot in the part around 1 
southwestern side, and the star 14° above the right foot is w: 
In the left forearm the two consecutive stars, called the Kic 
of the zone. 

And, next, the Milky Way goes through the feet of the 
rather extensive density below the stars in the tip of the fee 
of the three in a straight line under the right foot of the Cha 
star of the two in Orion’s club, and the northern stars of the 
bound the western arc of the Milky Way. The bright ste 
oteer’s right hand and the star in the eastern foot of the east 
nearly 1° within the eastern side. And the stars in the other 
feet lie in the middle of the Milky Way. 

From there the zone passes by the Little Dog and the Dog 
of the Little Dog quite far outside the Milky Way to the 
almost wholly outside to the west. For a cloud here envel 
back, and next it almost touches the three east of it in the L 
lone star above the Dog’s head, outside and farther off, is ver 
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side, and the two bright stars in the same piece of the keel ar 
2° within the western arc. 

From these the Milky Way now joins with the zone through 
feet. And the mass through the Argus is rather light, but the pa 
little shield are thicker than it, and likewise those about the s 
about the segment of the keel. 

The zone we have just spoken of, dividing off as we said from 
scribed at the Censer and beginning from these, envelops the three 
Scorpion’s body and leaves the eastern star of the three in the bo 
the western are. And the star in the fourth joint lies in the clear s 
the two zones, nearly equidistant from both and a little more thar 

And after this, the western zone turns eastward 1° likewise, an 
western side of the Milky Way with the star in the right knee of O 
the eastern side with the star in the same shin. The western star in > 
same foot touches the same side. And next again the star under th 
of the Serpentarius bounds the western arc, and the principal star 
the tip of the same hand bounds the eastern arc. At the point the 
large gap of clear space in which lie the two stars in the Serpent’s 
one in the tip. And the whole part of the zone just given is a mass ¢ 
air-like except for the part enveloping the three joints. For that p: 
dense. 

And after this gap the Milky Way again begins from the four sts 
right shoulder of the Serpentarius, and the bright line star touchin 
tail bounds the eastern arc of this zone, the farthest away to the 
four stars spoken of above bounding the opposite are. 

From here the zone, after this, narrows into the western parts 
beak so that it gives the appearance of a gap. But the rest of it fre 
the Bird’s beak to the star in the Bird’s breast is rather wider anc 
star in the Bird’s throat lies in the middle of the concentration. Bu 
runs northward from the stars in the breast to the star in the sh 
right wing and the two consecutive stars in the tip of the right foot: 
as we said before, there is a clear gap relative to the other zone fr 
mentioned stars of the Bird to the bright star in the Rump. 


3. ON THE CONSTRUCTION OF THE SOLID SPHERE 


Now, the appearances of the Milky Way have this position. And 
we may construct, by means of a solid sphere, a model in accord 
potheses demonstrated with respect to the sphere of the fixed star 
to which it appeared to be revolved, along with the planets, by the 
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many sections as appear feasible. Then, making out of a strong tensile material 
two circles with surfaces at right angles and everywhere accurately turned (the 
lesser everywhere touching the curved surface of the sphere, and the other a bit 
larger) we shall draw lines in the middle of the curved surface of each, dividing 
their widths exactly in two. By means of these lines, cutting one or the other of 
the sides so defined into semicircles, we shall divide the semicircles resulting 
from these cuts into 180 sections. This done, we suppose the lesser circle always 
to be through both sets of poles—that is, of the equator and of the ecliptic, and 
also through the tropic points on the surface of this cut. Boring it in the middle 
diametrically opposite at the limits of the cut, we shall fit it on pins at the poles 
of the ecliptic taken on the sphere so that it can revolve over the whole spherical 
surface. 

Now, to get some constant beginning for the constellations of the fixed stars, 
since it is not plausible to mark the tropic and equinoctial points on the sphere’s 
ecliptic (for the distance of the constellations to them is not preserved), we 
shall mark the brightest of them, I mean the star in the Dog’s mouth [Sirius], on 
the circle drawn at right angles to the ecliptic at the section beginning the di- 
vision, at the given latitude from the ecliptic in the direction of its south pole. 
For each of the other fixed stars, according to the sequence of the Catalogue, we 
shall make marks by the turning the circle which is divided by the cut, about 
the ecliptic’s poles. For we always carry the surface of its cut side to the point on 
the ecliptic as many degrees away from the beginning of the numbers at the 
section of the Dog as the desired star is in longitude from the Dog according to 
the Catalogue. And we go to the point. of the side which has been divided and 
swung about, according as the star in the Catalogue is either towards the north 
or south pole of the ecliptic. And there we mark the point of the star, affixing a 
yellow or some other distinct color in proportion and in accordance with the 
size of the magnitudes of each. | 

Now, we shall make the figures of each of the constellations as simple as pos- 
sible, enclosing the stars under the same contour, only with lines not differing 
much from the color of the whole sphere so that the advantage in distinguishing 
them may not be lost and the juxtaposition of many colors may not blot out the 
likeness to the true picture; and so that we may easily retain the comparison 
made in our observations when we have become habituated to the original image 
of the stars in the spherical representation. 

We also arrange the position of the Milky Way in accordance with the places 
and figures and further in accordance with the densities and gaps, already ex- 
plained. And we fit the greater.circle, which is always to be the meridian, on the 
smaller one which is enveloping the sphere, about the same poles as those of the 
equator. And the pole-points are inserted, diametrically opposite, in the greater 
circle or meridian, at the extremities of the side which has been cut and divided 
and which is to lie above. But the pole-points are inserted in the smaller circle, 
which passes through both sets of poles, at the extremities diametrically oppo- 
site of arcs extending the 23°51’ of inclination either side of the ecliptic’s poles. 
And little solids are put at the cuts of the circle where the holes of the poles are’. 


1The smaller circle is attached to the solid sphere, and these poles are the ecliptic’s and do 
not change with respect to the fixed stars. But the larger circle is attached to the smaller at 
points 23°51’ away from these. These are the poles of the equator which change with respect 
to the fixed stars. : Le | 
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Each time we place the cut side of the smaller circle, which is always the same of 
course as the meridian through the tropic points, at that point of division of the 
ecliptic which is as far away from the beginning of the Dog as the Dog at the 
given time is from the summer tropic. At the beginning of the reign of Antonine 
that is 1244° west. We fit the meridian circle at right angles to the horizon, 
which is the base plane, so that it cuts its apparent surface in two and can re- 
volve in its own plane in such a way that each time we can raise the north pole 
above the horizon by the amount proper to the given latitudes. And this is done 
with the help of the division of the meridian circle. 

It makes no difference if we cannot put the equator and tropic points on the 
sphere itself. For the point on the divided side of the meridian circle, between 
the poles of the equator and lying the 90° of a quadrant’s distance from either 
one, will serve the same purpose as the points of the equator. And the points 
lying 23°51’ either side of this point will serve the same purpose as either of the 
tropics, the northern one the same as the summer tropic, and the southern 
one the same as the winter tropic. And so, when the desired stars are carried by 
the prime east-west revolution to the divided side of the meridian circle, then, 
by means of that division, their distances with respect to the equator and 
tropics can be gotten as if on the circle through the poles of the equator. 


4. ON THE CONFIGURATIONS PROPER TO THE FIXED STARS 


Now that the character of the constellations of the fixed stars has been dem- 
onstrated, there remains the discussion of their configurations. Of the configura- 
tions concerning the fixed stars besides those dealing only with their relations to 
each other (as when they are in a straight line or in a triangular figure or some 
such thing), there are those which are considered with respect only to the planets 
and sun and moon or parts of the ecliptic, and those which are considered with 
respect only to the earth. And then there are those which are considered with 
respect to the earth, and at the same time with respect to the planets and sun 
and moon or parts of the ecliptic. 

Those configurations of the fixed stars which are with respect only to the 
planets and parts of the ecliptic, are gotten in general whenever the fixed stars 
and the planets are on one and the same great circle drawn through the ecliptic’s 
poles, or on a different one but forming triangular or tetragonal or hexagonal 
distances—that is, forming an angle which is either right or greater or less than 
the third of a right angle. And they are gotten in particular in the case of those 
fixed stars over which some one of the planets can pass (and these are those ar- 
ranged in the band of the zodiac containing the latitudinal passages of the 
planets): with respect to the five planets, at their apparent appulses or occulta- 
tions, and with respect to the sun and moon, at the heliacal or lunar settings, 
conjunctions, and heliacal or lunar risings. We call heliacal or lunar setting any 
star begins to disappear in the rays of the luminaries; conjunction whenever 
the star is in a straight line with the centre; and heliacal or lunar rising when- 
ever it begins to appear from the rays. 

There are four configurations of the fixed stars with respect to the earth 
alone: by some they are called in general ‘‘centres,’”’ and in particular, they are 
rising, upper culmination, setting, and lower culmination. Where the equator is 
at the zenith, all the fixed stars both rise and set, and once at each revolution 
have an upper and lower culmination; for then the equator’s poles touch the 
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horizon, making none of the parallel circles either one of perpetual apparition 
or one of perpetual occultation. Where the poles are at the zenith, no one of the 
fixed stars either rises or sets; for then the equator has the horizon’s position 
and one of the hemispheres formed by it revolves always above the earth and 
the other always below the earth, so that each of the fixed stars culminates 
twice in one revolution, those above the earth and those below. In the other 
latitudes between these, where there are some circles always visible and some 
always invisible, the stars enclosed by these relative to the poles neither rise nor 
set, and two culminations are effected at each revolution—those within the 
circle of perpetual apparition above the earth, and those within the circle of per- 
petual occultation below the earth. And the rest on the greater parallels both 
rise and set, culminating once above and once below in each revolution. 

And their time from one of these centres back again to the same is always the 
same. For it embraces sensibly one revolution. And the time from one of the 
centres to the diametrically opposite one relative to the meridian is always the 
same, for it embraces half a revolution. With respect to the horizon, when the 
equator is at the zenith, the same is again true. For the time of each embraces 
half a revolution, since each of the parallels is bisected not only by the meridian 
but also by the horizon. But in the case of the other inclinations neither the time 
above nor the time below is itself equal for all, nor in each case is the time above 
equal to the time below, except for those on the equator itself which alone in the 
oblique sphere is bisected by the horizon; for all the other parallels are cut in 
dissimilar and unequal arcs. Consequently, the time from the rising or setting 
to one of the culminations is in each case equal to the time from the same cul- 
mination to the rising or setting, because the meridian divides the sections of 
the parallels above the earth and those below into equal parts. But the times 
from the rising or setting to either culmination are unequal in the inclined 
sphere, and equal in the right sphere, since there only are the lower sections 
equal to the upper sections. Therefore, in the right sphere, the stars which cul- 
minate together always rise and set together in so far as their shift about the 
poles of the ecliptic is imperceptible. But in the oblique sphere those stars 
wnich culminate together neither rise nor set together, the more southern always 
rising later than the more northern and set earlier. 

And the configurations of the fixed stars, considered with respect to the earth 
or planets or parts of the ecliptic together, are gotten in general from the simul- 
taneous risings or culminations or settings either with one of the planets or with 
some part of the ecliptic; and in particular they are considered with respect to 
the sun according to nine kinds. 

The first kind of configuration, called early morning east wind, is when the 
star at rising is with the sun. And of this there is a kind called invisible morning 
after-rising when the star, beginning its heliacal setting, rises immediately after 
the sun. And there is a kind called true morning co-rising when the star rises 
together with and at the same time as the sun on the horizon. And there is a 
kind called visible morning fore-rising when the star, beginning its heliacal ris- 
ing, rises before the sun. 

The second configuration, called early morning culmination, is when the star, 
with the sun rising at the horizon, is culminating either above or below the 
earth. And again of this there is a kind called invisible morning after-culmina- 
tion when the star culminates immediately after sunrise. And there is\a kind 
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called true morning co-culmination when the star culminates as the sun rises. 
And there is a kind called morning fore-culmination when the sun rises imme- 
diately after the star’s culmination. 

The third kind of configuration, called early morning west wind, is when the 
star is on the western horizon while the sun is on the eastern. Again of this there 
is a kind called invisible morning after-setting when the star sets immediately 
after the sun rises. And there is a kind called true morning co-setting when the 
star sets at the same time the sun rises. And there is a kind called visible morn- 
ing fore-setting when the sun rises immediately after the star sets. 

The fourth configuration, called noontide east wind, is when the star is on the 
eastern horizon while the sun is on the meridian. And again of this there is a 
kind called invisible daytime when the star rises as the sun culminates above 
the earth; and a kind called visible night time when the star rises‘as the sun 
culminates below the earth. 

The fifth configuration called noontide culmination is when the sun and star 
are on the meridian together. And of this there are two invisible daytime kinds 
when, with the sun culminating above the earth, the star either culminates with 
it above the earth or culminates diametrically opposite below the earth. And 
there are two night-time kinds with the sun culminating below the earth. Of 
these there is the invisible when the star culminates with the sun below the 
earth, and the visible when the star culminates diametrically opposite above 
the earth. 

The sixth configuration, called noontide west wind, is when the star is on the 
western horizon while the sun is on the meridian. And again of this there is the 
invisible daytime kind when the star sets as the sun culminates above the 
earth, and there is the visible night-time kind when the star sets as the sun 
culminates below the earth. 

The seventh configuration, called late east wind, is when the star is on the 
eastern horizon while the sun is on the western. And again of this there is the 
kind called visible evening after-rising when the star rises immediately after 
sunset. And there is the kind called true evening co-rising when the star rises 
exactly as the sun sets. And there is the kind called invisible evening fore-rising 
when the sun sets immediately after the star rises. 

The eighth configuration, called late culmination, is when, with the sun on 
the western horizon, the star is on the meridian either above or below the earth. 
And of this again there is the kind called visible evening after-culmination when 
the star culminates immediately after sunset. And there is the kind called true 
evening co-culmination when the star culminates exactly as the sun sets. And 
there is the kind called invisible evening fore-culmination when the sun sets im- 
mediately after the star culminates. 

The ninth configuration, called late west wind, is when the star is on the 
western horizon together with the sun. And of this kind again there is the kind 
called visible evening fore-setting when the star, beginning its heliacal setting, 
sets immediately after the sun. And there is the kind called true evening co- 
setting when the star sets exactly with the sun. And there is the kind called in- 
visible evening fore-setting when the star, beginning its heliacal rising, sets be- 
fore the sun. 
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5. ON THE Co-RISINGS, Co-cuLMINATIONS, AND Co-SETTINGS ; 
OF THE FIXED STARS 24) < 

Now with matters this way, the times of the. true co-risings, co-culminations, 
and co-settings considered with respect to the sun’s centre can be gotten geo- 
metrically by us from their position according to the star catalogue: Because the 
points on the ecliptic with which each of the fixed.stars culminates, rises, and 
sets, can be shown geometrically by the following theorems. 

For first, with a view to the co-culminations, let there be the.circle ABCD 
through iat sets of poles, the equator’s .and rah 
ecliptic’s; and let there be the semicircle AEC of 
the equator about::the pole F, and the semicircle 
BED of the ecliptic about the pole G. Let the seg- 
ment GHKL of a great circle be drawn through the 
poles of the ecliptic. And let the fixed star in ques- 
tion be thought at the point H on it. For their posi- 
tions with respect. to the circles so drawn are avail- 
able from our observation and record. And let the 
segment PHIMN of the great circle through the poles, 
of the equator and through the star at H be drawn. 

Now, it is evident that the star at H culminates 
with the points M and N of the equator and eclip- 
tic; and that these points and the arc HN are given will be clear from these con- 
siderations. For, by things demonstrated in the first part of the Composition, 
since the arcs GL and NF of great circles are drawn through to the arcs AG and 
AN of two great circles, 

chord 2 arc GA : chord 2 arc AF comp. “if 2 arc GL ;.chord.. 
2 arc LH, chord 2 arc NH : chord 2.:are FN. 
But a of the arcs AF, EN, and GK is supposed a quadrant, and from the 
star’s record are given the arc Kili in latitude, the arc KB in longitude, and ares 
FG and KL from the inclination of the bf already demonstrated. Therefore 
it is clear that the desired arcs GA, AF, GL, LH, and.NF are given, and the re- 
maining arc NH is hence given. 
Again, since 
chord 2 are FG: chord 2. are. GA comp. chord 2 are FH: 
chord 2 are HN, chord 2 arc NL: chord 2 are;LA 
and the desired ares FG, GA, FH, and HN are given by the preceding fe and 
the are LA from the arc KB ‘by means of the co-risings of the equator and eclip- 
tic in the right sphere, therefore the remaining are NL is given. 

The points of the equator and ecliptic co-rising and co-setting with the fixed 
stars are easily gotten from the co-culminations in this way. 

For let there be the meridian circle A BCD, the semicircle of the equator AEC 
about pole F, and the semicircle of the tie inee BED. And let the star rise at 
the point G af the horizon. Through the points F and G let the quadrats 
FGH of a great circle be drawn. 

Now, since again the arcs FH and EB have been drawn through to the ares 
of two great circles AF and AL, therefore ; 

chord 2 arc FB : chord 2 arc BA 
comp. chord 2 arc FG : chord 2 


EEE 


—EE 


the sun the same distance below the earth, there 
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are GH, chord 2 are HE : chord 2 arc AE. 
But each of the desired arcs FA, FH, and EA em- 
braces a quadrant, and the are FB is given from 
the elevation of the poles, and the equator’s 
point H and the are HG by means of the co-cul- 
minations. And, therefore, the remaining are HE 
is given. 

It is easily understood that in the case of the 
co-settings—if we take an arc equal to arc HE 
west. of H, such as HK—the star will set with 
the point K of the equator because the setting at 
that time takes place on the are equal to BG, and 
an angle west of the meridian is intercepted equal to that contained, according to 
this figure, to the east by the arcs AF and FH. 

From the things demonstrated for the co-risings and co-settings of the equator 
and ecliptie for each latitude, the part of the ecliptic rising with the point E of 
the equator and with the star will be given; and the part setting with point K 
and the star also. It is clear that, at the times the sun is truly at those points of 
the ecliptic, the risings, culminations, and settings of the fixed stars considered 
with a to its ‘centre, ‘and called the true wes gee sages ved be accom- 
plished.» 1 


6. ard THE ee. es RISINGS AND SETTINGS OF THE FIXED SraRs 


Now, in the case of the heliacal risings and settings we no longer find the geo- 
iettical method worked out from their positions alone sufficient (since, ‘for 
example, with whatever point of the ecliptic the star is shown to rise by these 
means, it is still impossible similarly to find out at what distance of the sun from 
the horizon beneath the earth.it will first appear or be hidden). For this distance 
of are cannot be equal for all the stars nor for the-same everywhere, but differs 
according to the magnitudes of the stars, their latitudinal elongations from the 
sun, and the change in the inclinations of the ecliptic. 

If we suppose ABCD to be the meridian circle, AEFC the semicircle of it 
ecliptic, and BED the semicircle of the horizon about pole G, then it is clear 
that (when the stars are rising at point # of the ecliptic) if the greater begins to 
appear when the sun, for instance, is below the earth a distance of are EF, 
then the smaller (if it has an equal latitudinal elongation from the sun) will 
first appear when the sun is distant by a greater arc EF and makes thinner 
rays. Again, in the case of stars of equal magni- G 
tude, if the star nearer the point FH in latitude ap- ' 
pears first at a distance ZF, then the one farther 
away will appear at a less distance, because, with - 


are moreirays near the ecliptic and the sun than 
remote from them. And, in the case of stars of 
equal magnitude and rising at the same latitudi- 
nal elongation, the more the ecliptic is inclined 
to the horizon and makes a less angle DEF, at 
so much greater a distance HF will the star first 
appear. 
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For if we add on, as in the following figure, 
the semicircle HFA through the poles of the 
horizon and through the sun at F (which is, of 
course, at right angles to the horizon) then the 
sun’s distance under the earth for the same stars 
is always equal to arc FH. For the rays above 
the earth are similar for equal distances consi- 
dered in this way. And, with arc HF remaining 
the same as we said, arc EF will be less when 
the ecliptic is perpendicular to the horizon, and 
greater when it is inclined. 

It is therefore necessary to take observations 
for each of the stars to get the sun’s distance be- 
neath the earth along the ecliptic. If, now, the distance along the circle at 
right angles to the horizon (as are FH in the above figure) does not remain 
the same in all places for the same stars because similar rays do not shine 
the same in the denser air of the northern climate, then we shall need observa- 
tions for not only one climate, but also for each of the rest. But if the are corre- 
sponding to FH remains everywhere the same for the same stars, as is likely (for 
the stars’ rays would necessarily suffer in the same way from the difference in 
the air) then the distances observed for one climate will suffice for examining the 
rest geometrically, whether the inclination of the ecliptic changes because of 
difference in place or because of the demonstrated shift of the sphere of the fixed 
stars towards its eastern parts. 

For let the distance EF be given from observation in some latitude. Since 
then again the arcs BH and FA have been drawn through to the ares GB and 
GF of two great circles, therefore, 

chord 2 arc AB : chord 2 arc BG comp. chord 2 are AE : chord 2 are EF, 

chord 2 are FH : chord 2 arc HG. 

But of the desired arcs, BG and HG are each a quadrant. And since point E£ is 
supposed to be that with which the star rises, the point A of culmination is also 
given from the Table of Ascensions, so that arc AE is therefore given and EF 
from observation. The arc AG is given by calculation of the distance of the 
point A from the equator which, in turn, is given in the Table of Obliquity, and 
from the distance of the equator from the zenith along the same meridian, which 
is equal to the pole’s elevation. And, therefore, the remaining are PH will be 
given. 

And once this is found and is kept the same, we shall get, by means of this, 
the sizes of the arc HF for the other inclinations. For again 

chord 2 arc GB : chord 2 are AB comp. chord 2 are GH : chord 2 are FH, 

chord 2 are FE : chord 2 are EA; 
and of the desired arcs, FH is now assumed, and the point £ is given as rising 
with the star according to the latitude in question as shown before; and likewise 
the arcs EA and BA are given. And, therefore, the remaining arc EF of the 
ecliptic is given. 

We can understand the same kind of method for the disappearances of the 
stars at their settings only with the position of the ecliptic drawn on the other 
side in the.same figure according to the inclination so that BD is taken as the 
western horizon. " 
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Not to pass this subject by entirely, we think we have treated it sufficiently 
to show the methods used in this theory. And because the generality induced 
from such predictions is so fluctuating not only from the great difference of the 
places and inclinations of the ecliptic but also from the multitude of the stars 
and the difficulty in observing their heliacal risings, since the observers and the 
atmosphere for the places observed can make the time of the first glimpse unlike 
and unsure (as I know from trial and from the differences in the observations) 
and besides these things because, through the shift of the sphere of the fixed 
stars, the co-risings, co-culminations, and co-settings cannot remain constant, 
even for one latitude, with those calculated with the present numbers and 
proofs, therefore we have avoided such a waste of time, being content for the 
present with the approximations which can be gotten each time from the cata- 
logue or from the arrangement of the sphere. For we see that the signs of the 
condition of the atmosphere gotten from the heliacal risings and settings almost 
never keep any order or unchangeableness, if one attributes the cause of the 
differences to the weather and not to the places of the ecliptic; so that this cause 
acts only in a very general way and is not established by the beginnings of the 
heliacal risings and settings as it is by the configurations of the moon with re- 
spect to the sun in its general distances, and by the moon’s inclinations in the 
particular distances. 


BOOK NINE 


1.. CONCERNING THE ORDBR OF THE potas OF THE SUN 
AND: Moon AND FIVE PLANETS 


Now, certainly whatever one could say in general about the (awl winks to the 
extent that the appearances up until now fall under our apprehension, would 
be pretty much like this. But since this Composition still lacks a treatment of 
the five planets, we shall give an exposition of them, going as far as possible 
with what they have in common to ereid repetition, wns then on Te on a 
plan of each one in particular. 

First, then, concerning the order of thicir spheres, all of which es ie their 
positions: sion the poles of the ecliptic,:we see the foremost ‘mathematicians 
agree that all these spheres are nearer the earth than the sphere of the fixed stars, 
and farther from the earth than that of the moon; that the three—of which 
Saturn’s is the largest, Jupiter’s next earthward, and Mars’ below that—are all 
farther from the earth than the others and that of the sun. On the other hand, 
the spheres of Venus and Mercury are placed by the earlier mathematicians 
below the sun’s, but by some of the later ones above the sun’s because of their 
never having seen the sun eclipsed by them. But this judgment seems to us 
unsure since these planets could be below the sun and never yet have been in 
any of the planes through the sun and our eye but in another, and therefore not 
have appeared in a line with it; just as in the case of the moon’s conjunctive 
passages there are for the most part no eclipses. 

Since there is no other way of getting at this because of the absence of any 
sensible parallax in these stars, from which appearance alone linear distances 
are gotten, the order of the earlier mathematicians seems the more trustworthy, 
using the sun as a natural dividing line between those planets which can be any 
angular distance from the sun and those which cannot but which always move 
near it. Besides, it does not place them far enough at their perigees to produce a 
sensible parallax. 


2. On THE AIM OF THE PLANETARY HYPOTHESES 


So much, then, for the orders of the spheres. Now, since our problem is to 
demonstrate, in the case of the five planets as in the case of the sun and moon, 
all their apparent irregularities as produced by means of regular and circular 
motions (for these are proper to the nature of divine things which are strangers 
to disparities and disorders) the successful accomplishment of this aim as truly 
belonging to mathematical theory in philosophy is to be considered a great 
thing, very difficult and as yet unattained in a reasonable way by anyone. For, 
since, in the case of the researches about the periodic movements of each planet, 
whatever slight error the eye makes in systematic observations produces a sen- 
sible difference more quickly when the examination has been over a shorter in- 
terval than when over a greater one, the time for which we have observations of 
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the planets recorded (being short for grasping such a considerable lay-out, fur- 
nishes an‘unsure prediction over long periods. In the ease of research about the 
anomalies, the fact that there are two anomalies appearing for each of the 
planets, and that: they are unequal in magnitude and in the times of their re- 
turns, works a good deal of confusion. For one of the anomalies is seen to have 
relation to the sun, and the other to the parts of the zodiac, but both are mixed 
together so it is very hard to determine what belongs to each!; and most of the 
old observations were thrown together carelessly and grossly. The more con- 
tinuous of them contain stations and apparitions, and the apprehension of these 
properties is not certain. The stations cannot indicate the exact time, since the 
planet’s local motion remains imperceptible for many days before and after its 
station; and the apparitions not only make the places immediately disappear 
along with the stars as they are seen for the first or last time, but also can be 
utterly misleading as to the times because of the differences in the atmosphere 
and in the eye of the observer. In general, the observations made with reference 
to some fixed star at a rather great angular distance, unless because of these 
things one attends to them wisely and clear-sightedly, furnish a magnitude from 
their measurements hard to calculate and subject to guesswork. And this is so, 
not only because the lines between the observed stars make different angles 
with the ecliptic and by no means right angles—whence in the variety of the 
zodiac’s inclinations a great uncertainty is apt to follow in the determination of 
the longitudinal and latitudinal positions—but also because the same angular 
distances appear to the eye greater near the horizon and smaller near the cul- 
minations, and so they can be measured as sometimes greater and sometimes 
smaller than the real angular distance. 

1It is important to notice ‘that all the five planets, just like the moon, have an anomaly 
with respect to the sun as well as an anomaly with respect to the zodiac. Since Ptolemy merely 
expounds the theory as a deduction, it might be well to explain the appearances from which 


these things could be gotten. It must be remembered that Ptolemy had long astronomical 
tables of data which had been kept for nearly a thousand years, and which served as appear- 


ances over a long period of time. 


The appearances of Venus and Mercury are fairly simple. These two stars move on the 
ecliptic, more or less, and swing back and forth from one side of the sun to the other, Mercury 
never getting more than some 25° from the sun, and Venus never more than some: 45°. This 
makes them alternately morning and evening stars. This swinging in the heliacal anomaly 
and, from a greatest elongation from the mean sun (say eastern) back to the next greatest 
eastern elongation, is called one cycle of heliacal anomaly. Furthermore the time Thrond a 
western elongation to an eastern is longer than from the eastern to the next western. It is also 
observed that, for different positions of the mean sun on the ecliptie, the greatest elongations 
are smaller or larger, but always. the same for the same position. 

It is further observed that, if one considers the sum of the greatest eastern and greatest 
western elongation for each position of the mean sun, this sum is greatest at one position, and 
on either side gets smaller and smaller until it is lenist at the position exactly opposite on the 
ecliptic. This variation of the apparent heliacal anomaly is called the zodiacal anomaly. 

The appearances of Mars, Jupiter, and Saturn are more complicated. These planets move 
generally from west to east along the ecliptic more or less at different speeds, Mars making a 


_ complete circuit through the fixed stars in about 2 years, Jupiter in about 11, and Saturn in 


about 30. They can be at any angular distance from the sun, unlike Venus and Mercury 
which are constrained to remain within certain bounds. But they are tied to the sun in a 
different way. Whenever the mean sun is nearly opposite any one of these three planets, the 
planet stops its eastward motion, and this is called a station. And then, as the mean sun gets 
more directly opposite, the planet moves westward, and this is called a regression or retro- 
gradation. As the mean sun moves on, the planet appears to stop again, and then move east- 
ward again. As the mean sun moves toward the planet, the planet moves faster and faster 


272 PTOLEMY 


And so I consider Hipparchus to have been most zealous after the truth, both 
because of all these things and especially because of his having left us more ex- 
amples of accurate observations than he ever got from his predecessors. He 
sought out the hypotheses of the sun and moon, and demonstrated as far as 
possible and by every available means that they were accomplished through 
uniform circular movements, but he did not attempt to give the principle of the 
hypotheses of the five planets, as far as we can tell from those memoirs of his 
which have come down to us, but only arranged the observations in a more use- 
ful way and showed the appearances to be inconsistent with the hypotheses of 
the mathematicians of that time. For not only did he think it necessary as it 
seemed to declare that, because of the double anomaly of each planet, the re- 
gressions of each are unequal and of such and such a magnitude, while the other 
mathematicians gave their geometrical demonstrations on one and the same 
anomaly and regression, but he also thought that these movements could not 
be effected either by eccentric circles, or by circles concentric with the ecliptic 
but bearing epicycles, or even by both together, although the zodiacal anomaly 
was of one magnitude and the anomaly with respect to the sun of another. For 
these are the means used by nearly all those who have wished to demonstrate 
uniform circular movement by the so-called perpetual table, but in a false and 
inconsequential way, some getting nowhere at all, some following the problem 
to a limited extent. But Hipparchus reasoned that no one who has progressed 
through the whole of mathematics to such a point of accuracy and zeal for 
truth would be content to stop at this like the rest; but that anyone who was 
to persuade himself and those in touch with him would have to demonstrate 
the magnitude and periods of each of the anomalies by clear and consistent ap- 
pearances; and, putting both together, he would have to find out the position 
and order of the circles by which these anomalies are produced and the mode of 
their movement and finally show about all the appearances to be consistent with 
the peculiar property of this hypothesis of the circles. I think this is difficult, 
and it seemed so to him. We have said all this not through ostentation, but in 
order that, if we are forced by the problem itself either (1) to use something con- 
trary to the general argument, as when, for example, for ease we make our 
demonstrations of the circles described by the movement in the planetary 
spheres as if they were simple and in the same plane with the ecliptic; or if we 
are forced (2) to presuppose something without immediate foundation in the 
appearances, an apprehension gotten from continuous trial and adjustment; 
or (3) to suppose not everywhere the same mode of movement or inclination of 
the circles—in order that, I say, we may then reasonably agree that (1) using 
something of the sort that no appreciable difference is to result from it will not 
falsify the subject in hand; (2) that things supposed without proof, once they 
are conceived in such a way as to be consistent with appearances, cannot be 


eastward until the mean sun has overtaken it; then it moves more and more slowly eastward 
until it again appears to stop. The time from a station to a corresponding station is one cycle 
of heliacal anomaly. Furthermore, the time from a station through the eastward motion of 
the planet to the next station is much longer than that from a station through the westward 
or regressive motion of the planet to the next station. 

Again these speeds vary for different positions of the mean sun on the ecliptic. And this 
variation is called the zodiacal anomaly. 

All the planets wander slightly from one side of the ecliptic to the other. The theory of 
this latitudinal anomaly is explained in Book XIII. 
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found without some plan and knowledge even if the way of getting hold of them 
is hard to explain (after all, generally speaking, the cause of first principles is 
either nothing or hard to interpret in its nature); and (8) that, since the appear- 
ances relative to the stars are also found to be dissimilar, one should not reason- 
ably think it strange or absurd to vary the mode of the hypotheses of the circles, 
especially when, along with saving the regular circular movement absolutely 
everywhere, each of the appearances is demonstrated in its more lawful and 
general character. 

And so we have used for the demonstrations of each planet only those obser- 
vations which cannot be disputed, that is those taken at contact or great prox- 
imity with the stars or even with the moon, and above all those taken with the 
astrolabe where the eye is lined up with the diametrically opposite sights in the 
circles, sees on every side equal angular distances by means of similar arcs, and 
can accurately apprehend the passages relative to the middle of each star in 
longitude and latitude by moving to and fro to the observed stars the astro- 
labe’s ecliptic circle and the diametrically opposite sights in the circles through 
its poles. 


3. On THE PERIODIC REruRNS OF THE FIVE PLANETS 


Now that these things have been explained in advance, we shall first set out 
the least periodic joint returns (that is very nearly joint) of each of the five 
planets as calculated by Hipparchus, with a correction of our own gotten from 
the comparison of the positions made after the demonstrations of the anomalies, 
as we shall show in that place. We have put them first in order to have set out at 
hand, for the calculations of the anomalies, the particular mean movements of 
each one, both in longitude and in anomaly, since there would be no appreciable 
difference even if one should use the mean passages in their more approximate 
form. In general, one is to understand by movement in longitude the movement 
of the epicycle’s centre on the eccentric, and by anomaly the movement of the 

star on the epicycle. 

Now, we find 57 cycles of anomaly of Saturn exactly completed in 59 solar 
years of our kind (that is from one tropic or equinoctial point back to the same) 
plus 1+14+14 day very nearly, and in 2 revolutions of the star plus (1+24+ 
140)° of a revolution; for, in the case of the three stars continually being over- 
taken by the sun, the number of revolutions run by the sun in the time of return 
of each is equal to the number of longitudinal revolutions of the star together 
with the number of its returns in anomaly.! And we find 65 cycles of anomaly of 
Jupiter exactly completed in 71 solar years of the same kind less 4+14+14+ 
145 days very nearly, and in 6 revolutions of the star less (4+14+14)° of a revo- 
lution, counting from a tropic point back to the same. Likewise we find 37 cycles 
of anomaly of Mars in 79 of our solar years plus 3+16+ 40 days very nearly, 
and in 42 revolutions of the star plus 314° of a revolution, counting from a tropic 

1This fact that, for the planets Mars, Jupiter, and Saturn, the number of revolutions of 
the mean sun is always equal to the number of longitudinal revolutions of the star plus the 
number of its returns of anomaly, is of great importance later on in Book X, Chapter 6. It 
also becomes important in the heliocentric theories. For while it remains a useful accident for 
Ptolemy, it is a necessary consequence of the primary assumptions of Copernicus. 

The fact, again, that even these three planets, which are not tied to the sun by an immedi- 


ate appearance as Venus and Mercury, yet have an anomaly which is referred to the sun, is 
a sign pointing towards a heliocentric hypothesis. 
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point back to the same; 5 cycles of anomaly of Venus in 8 of our solar years less 
2-14 + yo days, and in 8 revolutions of the star less 244° of a revolution, equal 
in number tothe revolutions of the sun; and 145 cycles of anomaly of Mercury in 
46 years of the same kind plus 1149 day, and in 46 revolutions of the star plus 1° 
of a revolution, again equal in number to the revolutions of the sun. 

But if, for each one, we reduce the time of return into days in accordance with 
the year’s time as already given by us, and the number of cycles of anomaly into 
the 360° of a circle, then we shall have, in the case of Saturn, 21,5511869 days 
and 20,520° of anomaly; in the case of Jupiter, 25,92737¢ 9 days and 27,400° of 
anomaly; in the case of Mars, 28,85753¢ 9 days and 13,320° of anomaly; in the 
case of Venus, 2,91949¢o days and 1,800° of anomaly; and in the case of Mer- 
cury, 16,8022469 days and 52,200° of anomaly. 

Dividing, then, in each case, the number of degrees of anomaly by the number 
of days, we shall have the daily mean movement of anomaly: very nearly 57!74 
43414 1!¥43°40"! for Saturn, 54'9'!24i46'"26" for Jupiter, 2744140! 19iy20r58¥! 
for Mars, 36'591'25'1153'V11"28"! for Venus, and 3°6'24'6!'59'"35"50"! for Mer- 
cury. 

Taking a twenty-fourth of each of these, we shall have the hourly mean move- 
ment of anomaly: 2!22449!1]9iv14v19"110¥" for Saturn, 241582213 6iv56"5"! for 
Jupiter, 1}9' 1444 10%48y22"!25v4! for Mars, 11321'284134i%42"58"'40""! for Venus, 
and 7'460!417'¥28"59"'35" for Mereury. 

Again, multiplying the daily mean movements of each by thirty, we shall have 
the monthly mean movement of anomaly: 28°33'51''50'451'%50" for Saturn, 27° 
ANZ 1LNQB43iv for Jupiter, 138°50'50''9440'v29" for Mars, 18°29'4 2156185 iv44y 
for Venus, and 93°12'31'29'"47'"55" for Mercury. 

And likewise multiplying the daily mean movements by the 365 days of the 
Egyptian year, we shall have the yearly mean movement of anomaly: 347°32! 
OUASH5O’38y20"! for Saturn, 329°25'1452:428iv 10" for Jupiter, 168°28'30'417 ii 
42'¥32"50¥! for Mars, 225°1'32!'281134'v39"15"4 for Venus, and a surplus of 53° 
56'42''32'N32'v59v10"! for Mercury. 

In the same way, multiplying also each of the yearly movements by 18, as in 
the case of the tables of the sun and moon, we shall have the mean surplus of 
anomaly of the Hgyptian 18-year period: 135°36'14439'' 1130" for Saturn, 
169°30!33 441127)" for Jupiter, 152°33'54184'45%51Y for Mars, 90°27 44434 it 
23'v46"30"' for Venus, and 251°0'45''45153'v45" for Mercury. 

From these numbers we shall get the mean movements in longitude so that, 
without reducing the number of revolutions to degrees, we may, in each case, 
divide them into the time proposed. It is clear that for Venus and Mercury the 
mean movements in longitude will be the same as those already set out for the 
sun, and for the other three stars they will be, for each number, the difference 
between the mean movement of anomaly and the sun’s mean movement in 
longitude. And in this way we shall find Saturn’s daily mean movement in longi 
tude to be 2'0'33 13 Lv2851¥i, Jupiter’s 4459! 144126!46"31"4, and. Mars’ 31! 
26113611535 1933"); Saturn’s hourly mean movement in longitude 5414/2348" 
42°17 ViZ0VI Jupiter’s 12428 'iGivG@rS6L7V 430"! and Mars’ 118'3613214¥ 
39"!. Saturn’s monthly mean movement in longitude 1°O'16'45°44'v25"30"4 
Jupiter’s 2°29'37''13 12311 5"30"4 and Mars’ 15°43'18"261155'"46"30"'; Saturn’s 
yearly mean movement in longitude 12°13'23''564}30'80"1L5"4, Jupiter’s 30°20! 
2252588 V85"i and Mars’ 191°16'54!'27"138iv35"45"'; and Saturn’s mean 


e 
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movement in longitude over 18 years to be 220°1L!101574'9'¥4"30"', Jupiter’s a 
surplus of 186°6'514514153'v34*30%', and Mars’ a surplus of 203°4'2017#i34 iv 
43'307!, 

Now we shall again arrange, in the order of the stars for the ready use of each, 
the tables of these mean movements, in 45 rows and in lots of three like the 
others. The first lots will contain the combinations of 18-year periods, the second 
the yearly and hourly combinations, and the third the monthly and daily ones. 
And here follow the tables: 


276 


18-years 


18 

36 

54 

72 

90 
108 
126 
144 
162 
180 
198 
216 
234 
252 
270 
288 
306 
324 
342 
360 
378 
396 
414 
432 
450 
468 
486 
504 
522 
540 
558 
576 
594 
612 
630 
648 
666 
684 
702 
720 
738 
756 
7174 
792 
810 
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4. TABLES OF THE MEAN MOVEMENTS IN LONGITUDE 


AND IN ANOMALY OF THE FIvE STARS 


SATURN, Anomaly at epoch, 34°2’ 


Longitude at epoch, Goat 26°43" 
Degrees in longitude 
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57 
54 
51 
48 
45 
42 
40 
37 


IV 

9 
18 
ad 
36 
45 
o4 

3 
12 
21 
30 
39 
48 
57 

4 
16 
25 
34 
43 
52 

1 
10 
19 
28 
37 
46 
39 

5) 
14 
23 
32 
41 
50 
59 

8 
17 
26 
35 
44 
53 

3 
12 
2! 
30 
39 
48 


Apogee at epoch, Scorpion 14°10’ 


Degrees of anomaly 
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36 
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13 
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31 
11 
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29 

8 
47 
27 


IV 
11 
23 
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46 
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9 
20 
32 
43 
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SATURN, Continued 


Months Degrees in longitude Degrees of anomaly 
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Longitude at epoch, Balance 4°41' 
Degrees in longitude 


JUPITER, Anomaly at epoch, 146°4’ 
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Vv 
34 
9 
43 
18 
52 
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1 
36 
10 
45 
19 
54 
28 


Apogee at epoch, Virgin 2°9’ 
Degrees of anomaly 
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Degrees in longitude 
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JUPITER, Continued 
Months Degrees in longitude Degrees of anomaly 
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MARS, Anomaly at epoch, 327°13’ 
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Mars, Continued 
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VENUS, Anomaly at epoch, 71°7’ 
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MERCURY, Anomaly at epoch, 21°55’ 
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Mercury, Continued 
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Mercury, Continued 
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5. PRELIMINARIES OF THE HYPOTHESES OF THE FIVE PLANETS 


Now, the relation of the anomalies to the longitudinal passage of the five 
planets follows the exposition of these mean movements, and we have attempted 
a general outline of it in the following way. 

_ For, as we said, the very simple movements together sufficient for the problem 

in hand are two: one effected by circles eccentric to the ecliptic, and the other 
by circles concentric with the ecliptic but bearing epicycles. And likewise also 
the apparent anomalies for each star considered singly are two: one observed 
with respect to the parts of the zodiac and the other with respect to the con- 
figurations of the sun. In the case of this latter anomaly, we find, from different 
configurations observed in contiguity and in the same parts of the zodiac, that, 
for the five planets, the time from the greatest movement to the mean move- 
ment is always longer than from the mean to the least. And such a property 
(ciurrwpa) cannot follow from the hypothesis of eccentricity, but its contrary 
follows, because the greatest passage is always effected at the perigee, and in 
both hypotheses the arc from the perigee to the point of mean passage is less 
than that from this point to the apogee. But it can occur in the hypothesis of epi- 
cycles when the greatest passage is not effected at the perigee as in the case of 
the moon, but at the apogee—that is, when the star, starting from the apogee, 
moves not westward as the moon, but eastward in the opposite direction. And 
So We suppose this anomaly to be produced by epicycles. 

But in the case of the anomaly observed with respect to the parts of the zodi- 
ac, we find, by means of the arcs of the zodiac taken at the same phases or con- 
figurations, that, on the contrary, the time from the least movement to the 
mean is always gheater than the time from the mean movement to the greatest. 
But this property can follow from either hypothesis, and at the beginning of the 
composition of the sun [111, 3] we showed how they were alike in this. But since 
it is more proper to the eccentric hypothesis, we suppose this anomaly is effected 
according to it, and also because the other anomaly is peculiar to the epicyclic 
hypothesis. 

But immediately on applying the particular positions observed to the courses 
constructed from the combination of both hypotheses and continually examin- 
ing them together, we find things cannot proceed so simply: (1) The planes in 
which we describe the eccentric circles are not immobile, so that the straight line 
through both their centres and the ecliptic’s centre, along which the apogees and 
perigees are sighted, always remains at the same angular distances from the 
tropic and equinoctial points. (2) The epicycles do not have their centres borne 
on the eccentric circles whose centres are those with respect to which the epicy- 
cles’ centres revolve in a regular eastward motion and cut off equal angles in 
equal times. But (1) the eccentrics’ apogees make a slight regular shift east- 
ward from the tropic points around the ecliptic’s centre and nearly as much for 
each planet as the sphere of the fixed stars is found to make—that is, one degree 
in a hundred years, as far as one can detect from present data. And (2) the epi- 
cycles’ centres are borne on circles equal to the eccentrics effecting the anomaly, 
but described about other centres. And these other centres, in the case of all 
except Mercury, bisect the straight lines between the centres of the eccentrics 
effecting the anomaly and the centre of the ecliptic.1 But in the case of Mercury. 


1These three points—the centre of the equant, the centre of the deferent, and the centre 
of the ecliptic—with the deferent’s centre midway between the other two, by means of the 
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alone, this other centre is the same distance from the centre revolving it [centre 
of equant] as this centre revolving it is in turn from the centre effecting the a- 
nomaly on the side of the apogee, and as this last centre effecting the anomaly 
is in turn from the centre placed at the eye. For, in the case of that star alone as 
also with the moon, we find the eccentric circle revolved by the aforesaid centre, 
contrariwise to the epicycle, back westward one revolution in a year’s time, 
since it appears to be twice perigee in one revolution, just as the moon is also 
twice so in one month’s time. 


6. On THE MODE AND DIFFERENCE OF THESE HYPOTHESES 


The mode of the hypotheses just derived would be more easy to understand 
in this way: 

In the case of the hypothesis of all the planets except Mercury, first let there 
be conceived the eccentric circle ABC about the centre D, and the diameter 
ADC through D and the centre of the eclip- 
tic. And on this diameter let E be made the A 
centre of the ecliptic, the point A the apogee, 
and C the perigee. And let DE be bisected at 
F; and with F as centre and DA as radius, let 
circle GHK be drawn, equal of course to cir- 
cle ABC. And with H as centre let the epi- 
cycle LM be drawn, and let the straight line 
LHMD be joined. 

Then first we suppose the plane of the ec- 
centric circles to be inclined to that of the 
ecliptic, and again the plane of the epicycle 
to that of the eccentric, because of the lati- 
tudinal passage of the stars to be demon- 
strated by us hereafter. But to make things 
easy as far as the longitudinal passages are 
concerned, we suppose that they are all con- 
ceived in the one plane of the ecliptic, since 
there will be no appreciable difference in longitude resulting from such inclina- 
tions as will be found for each of the stars. 

Then we say that the whole plane revolves eastward in the direction of the 
signs about centre FE, moving the apogees and perigees one degree in a hundred 
years; that the epicycle’s diameter LHM in turn is revolved regularly by centre 
D eastward in the direction of the signs at the rate of the star’s longitudinal re- 
turn; and that at the same time it revolves the points of the epicycle L and M, 
its centre H always borne on the eccentric GHK, and the star itself. And the 
star in turn moves on the epicycle LV, regularly with respect to the diameter 
always pointing to centre D, and makes its returns at the rate of the mean cycle 


eS eS ee 
Copernican transformation, core to represent the two foci and the centre of the Keplerian 
ellipse with exactly the same ratios preserved. 

It is to be remarked that this broadening of the principle of celestial mechanics to allow an 
epicycle’s centre to move regularly about a point other than the centre of its deferent was for 
Copernicus the major scandal of the Ptolemaic system and one which his own allowed him to 
remove only at the expense of the appearances, as Kepler well saw. 

All this is explained in more detail in the first note of Book AII and in Appendix B to this 
work. 


THE ALMAGEST, Ix 293 


of the anomaly with respect to the sun, moving eastward in the order of the signs 
at the apogee L. 

And we could visualize the characteristic property of the hypothesis of Mer- 
cury in this way. 

For let there be the eccentric circle of anomaly ABC about centre D, and the 
diameter ADEC through D, the eclip- 
tic’s centre E, and the apogee A. And let 
DF be taken on AC in the direction of 
the apogee A and equal to DE. 

Then, other things remaining the same 
(that is, the whole plane shifting the apo- 
gee eastward about E as a centre the 
same amount as for the other stars, and 
the epicycle being revolved regularly 
eastward about D as centre by the 
straight line DB, and again the star mov- 
ing on the epicycle in the same way as 
the others), here the centre of the other 
eccentric, equal to the first and on which 
the epicycle’s centre will always lie, will 
be revolved by the straight line FGH 
about point F contrariwise to the epicy- 
cle—that is, westward in the direction opposite to the signs—regularly and at 
the same speed as the epicycle, so that each of the straight lines DB and FGH, in 
one year’s time, is restored once with respect to the points of the ecliptic, and 
twice with respect to each other. And this centre of the other eccentric will al- 
ways be a distance from the point F equal to either of the straight lines ED or 
DF (for instance, FG) so that the little circle described by its movement west- 
ward, with F as centre and FG as radius, is always bounded by the centre of the 
first eccentric which remains fixed; and the moving eccentric is described in 
every case with G as centre and with radius GH, equal to DA, as for instance 
here HK, and the epicycle always has its centre on it, as here at point A. 

We can follow the suppositions even more precisely from the demonstrations 
we are to give of the magnitudes for each planet. In these demonstrations the 
motives for formulating the hypotheses will somehow show up in clearer outline. 

Yet one must premise that, since the longitudinal cycles do not make their re- 
turns with the points of the zodiac and with the apogees or perigees of the eccen- 
tric circles, because of their shift, therefore the longitudinal movements set out 
by us in the foregoing manner do not contain returns considered with respect 
to the apogees of the eccentrics but returns that are relative to the tropic and 
equinoctial points in accordance with our year. 

Then it must be shown first that, also according to these hypotheses, when- 
ever the mean longitudinal position of the star is equidistant from the apogees 
and perigees in either direction, the difference of zodiacal anomaly is equal for 
either distance, and also the greatest elongation on the epicycle on the corre- 
sponding side of the mean position. 

For about centre EZ and diameter AEC, let there be the eccentric circle 4 BC 
on which the epicycle’s centre is borne. On this diameter let F be taken as the 
ecliptic’s centre, and G as the centre of the eccentric making the anomaly—that 


294 PTOLEMY 


is, the centre around which we say the epicycle’s mean passage is regularly 
effected. And let the straight lines BGH and DGK be drawn through, both the 
same angular distance from the apogee A, so that angles AGB and AGD are 
equal. And let epicycles be described 
about points B and D, and let straight 
lines BF and BD be joined, and from F 
the eye-point let the straight lines FL 
and FM be drawn tangent to the epicy- 
cles on the corresponding sides. 

I say that angle FBG of the difference 
of zodiacal anomaly is equal to angle 
GDF; and that angle BFL, the greatest 
elongation on the epicycle, is likewise 
equal to angle DFM. For in this way the 
magnitudes of the elongations resulting 
from the combination of the eccentric 
and of the greatest elongations from the 
mean position will also be equal. 

Then let the straight lines BLand DM 
be drawn from B and D perpendicular . 
to FL and FM, and straight lines EN and EX from £ perpendicular to BH and 
DK. Since 


angle XGH =angle NGE, 
and the angles at N and X are right, and EG is common to the equiangular tri- 
angles, therefore 
. NG= XG, 
EN=EX. - 
Therefore BH and DK are chords equidistant from the centre Z; therefore they 
are equal and their halves also. And so, by subtraction, 
| BG=D6G. 
But GF is common, and 
| angle BGF =angle DGF, 
and are within equal sides; therefore also . 
base BF =base DF, 
and | , 
angle GBF =angle DGF. 
And also, as radii of the epicycles, 
BL=DM, 
and the angles at L and M are right; therefore also 
angle BFL=angle DFM. 
Which things it was required to prove. 

Then again, for the hypothesis of Mercury, let there be the diameter ABC 
through the circles’ centres and apogee; and let A be supposed the centre of the 
ecliptic; B the centre of the eccentric effecting the anomaly, and C the point 
about which moves the centre of the eccentric bearing the epicycle. And again 
let the straight lines BD and BE of the epicycle’s regular eastward motion be 
drawn through on either side, and the straight lines CF and CG of the eccentric’s 
westward revolution at the same rate, so that of course the angles at C and B are 
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equal, and BD parallel to CF, 
and BE to CG. And let the 
centres of the eccentrics be 
taken on CF and CG, and let 
them be H and K. And let the 
eccentrics described about 
these centres, eccentrics bear- 
ing theepicycles, pass through 
the points D and E. Again, 
with equal epicycles described 
about points D and £, let the 
straight lines AD and AE be 
joined, and let the straight 
lines AL and AM be drawn 
tangent to the corresponding 
sides of the epicycles. 


Then it must be proved that the aha of zodiacal anomaly ADB is equal to 
angle AEB; and that the angle of greatest elongation for the epicycle DAL is 


equal to'angle HAM. 


For let the straight lines BH, BK, HD, and KE be joined; and let CN and 
CX be drawn from C perpendicular to BD and BE; and DF and EG from D and 
E perpendicular to CF and CG; and DL and EM perpendicular to AL and AM. 


Since then 


angle CBN =angle CBX, 


and the angles at.N and. X are right, and the sot oii line CB is common, there- 


fore 
CN =CX, 
that is 
. DF=EG. 
But also , 
HD=KE; 


and the angles at F and Gare right. And so 


‘angle DHF =angle EKG; 


and : 


angle CHB =angle CKB, 


because it is supposed’ 


HC=CK, 
1For, as below, 
‘HB = KB, 
and as radii of the same moving eccentric 
HE = KD. 


And by hypothesis 
angle DBC = angle EBC; 
and, since by hypothesis’ 
) arc HZ = arc ZK, 
therefore ' 
onal hs . angle HBC = angle KBC, 
and by addition 

angle DBZ — angle EBZ. 

Hence, by congruent triangles DKB and EHB, 

HD = KE, 
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CB is common, and 
angle HCB=angle KCB. 
And so also, by subtraction, 
angle BHD=angle BKE, 
and 
base BD=base BE. 
But again BA is also common, and 
angle DBA =angle EBA. 
And so 
base AD=base AE, 
and 
angle ADB=angle AEB 
And in the same way, since 
DL=EM, 
and the angles at L and M are right, therefore also 
angle DAL=angle EAM. 
Which things it was required to prove.’ 


7. DEMONSTRATION OF MERCURY’S APOGEE AND OF ITS SHIFT 


With this theory established, we first took this way of finding the wherea- 
bouts on the ecliptic of Mercury’s apogee. For we examined the observations of 
the greatest elongations in which the morning positions of the star were equal 
to the evening ones in their angular distance from the mean position of the sun. 
When these had been found, it followed from’ what we have shown that the 
point midway between the two positions included the eccentric’s apogee. 

Then we took some observations for this purpose, few because such combina- 
tions are seldom met with, but capable of showing up the subject in hand. Here 
are the more recent of them. 

For in the year 16 of Hadrian, Egyptianwise Phamenoth 16-17 in the eve- 
ning, we observed Mercury, by the manipulation of the astrolabe, at its greatest 
elongation from the sun’s mean position. And then, being sighted with the 
bright star of the Hyades [Aldebaran], it appeared to be 1° within the Fishes. 
But at that time the mean position of the sun (9+14+14)° within the Water 
Bearer. Therefore the greatest evening elongation from the mean position was 
214": 

And in the year 18 of Hadrian, Egyptianwise Epiphi 18-19 at dawn, Mercury 
was at its greatest elongation, appeared very slight and dim, was sighted with 
the bright star of the Hyades [Aldebaran], and appeared to be (18+14+4)° 
within the Bull. But at that time the mean sun was 10° within the Twins. And 
therefore at that time the greatest morning elongation from the mean position 
was equally 2114°. And so, since in one observation the star’s mean position was 
(9+14+14)° within the Water Bearer, and in the other 10° within the Twins, 
and since the point on the ecliptic midway between them is (10O—})° within 

1In other words, Ptolemy has proved that if the epicycle’s centre is equidistant on either 
side from the apogee, then the angles are equal. It cannot be proved in the case of the hy- 
potheses of Mercury that the converse is true, since as we shall see later Mercury has two 
perigees and, therefore, there are other points of symmetry. Ptolemy, however, will use the 
converse as true for his observations. This is possible because he knows about where the 


apogee of the eccentric lies and, within a limited range on either side of that approximate 
point, the converse is true. 
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the Ram, the diameter through the apogee would be in that position at that 
time. 

Again, in the year 1 of Antonine, Egyptianwise Epiphi 20-21 in the evening, 
with the astrolabe we observed Mercury at its greatest elongation from the 
sun’s mean position. Being sighted at that time with the star of the Lion’s heart 
[Regulus], it appeared to be 7° within the Crab. But at that time the mean sun 
was 1014° within the Twins. Therefore the greatest evening elongation from the 
mean position was 2614°. 

And likewise also in the year 4 of Antonine, Egyptianwise Phamenoth 18-19 
at dawn, Mercury was again at its greatest elongation, was sighted with the 
star called Antares, and appeared to be 1314° within the Goat, while the mean 
sun was 10° within the Water Bearer. And therefore at that time the greatest 
morning elongation from the mean position was likewise 2614°. And so, since 
at one of the observations the mean position of the star was 1014° within the 
Twins, and at the other 10° within the Water Bearer, therefore the point of the 
ecliptic midway between them is 10!4° within the Balance, and at that time 
the diameter through the apogee would be in that position. 

From these observations, then, we find the apogee falling very nearly 10° 
within the Ram or the Balance; and from the old observations of the greatest 
elongations, about 6° within the same signs, just as one would calculate it to be. 

For in the year 23 according to Dionysius, Hydron 29 in the morning, Mer- 
cury was three moon’s to the north of the brightest star in the Goat’s tail. But 
this fixed star was then, according to our starting points (that is, the tropic and 
equinoctial points), 2214° within the Goat, the same evidently as Mercury. And 
it is evident the mean sun was 181° within the Water Bearer; for that time was 
the year 486 of Nabonassar, Egyptianwise Choiak 17-18 at dawn. Therefore, 
the greatest morning elongation from the mean position was (25+14+14)°. 

We did not find a greatest evening elongation exactly equal to this one in any 
of the observations that have come down to us, but from two of them we cal- 
culated one very nearly equal in the following manner. 

For in the same year 23 according to Dionysius, Tauron 4 in the evening, 
Mercury was three moons beyond the straight line through the horns of the 
Bull, and seemed to be passing more than three moons south of the common 
star! And so again, according to our starting points, it was 2324° within the 
Bull. And that was again the year 486 of Nabonassar, Egyptianwise Phamenoth 
30-Pharmouthi 1 in the evening, when the mean sun was 2914° within the Ram. 
Therefore, the greatest evening elongation from the mean position was 241°. 

In the year 28 according to Dionysius, Didymon 7 in the evening, Mercury 
was in a straight line with the heads of the Twins, and was to the south of the 
southern one by a third part of a moon less than double the distance between 
the heads. And so again at that time Mercury was, according to our starting 
points, 294° within the Twins. And that was the year 491 of Nabonassar, 
Egyptianwise Pharmouthi 5-6 in the evening, at which time the mean sun was 
(2+14+14)° within the Twins. And therefore the elongation itself was 261°. 

Since, when the mean position was 2914° within the Ram, the greatest elonga- 
tion was 24)¢°, and, when the mean position was (2+14+14)° within the Twins, 
the elongation was 2614°, and since the greatest morning elongation whose cor- 


1The star described in the Catalogue of the Stars as “‘the star at the tip of the northern 
horn, the same as the star in the Charioteer’s right foot.” 
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respondent we sought was (25+14+1%)°, we extracted from the difference of 
the two observations just reported, where the mean position would have to be 
in order for the greatest evening elongation to be (25+14+14)°. For the dif- 
ference between the two mean positions comes to 3334°, and between the great- 
est elongations to 214°, so that very nearly 24° obirespowds to the 124° difference 
between (25+14+14)° and 241°. If we add these 24° to the 2914 2 within the 
Ram, we shall have the mean position where the greatest evening elongation will 
be equal to the greatest morning elongation of (25+14+14)°, and that will be 
2314° within the Bull. And the point midway between 181° within the Water 
Bearer and 2314° within the Bull is about (5+14+14)° within the Ram. 

Again, in the year 24 according to Dionysius, Leonton 28 in the evening, 
Mercury was west of Spica, according to Hipparchus’ calculations, by little 
more than 3°. And so it was then 1914° within the Virgin according to our start- 
ing points. And that was the year 486 of Nabonassar, Egyptianwise Payni 30 in 
the evening, at which time the mean sun was (27+144+144)° within the Lion. 
Therefore, the greatest evening elongation from the mean position was 2134?, 
whose exact morning correspondent we again calculate by means of the follow- 
ing observations. 

For in the year 75 according to the Chaldeans, Dius 14 in the morning, Mer- 
cury was half a cubit on the upper side of the southern Balance. And so it was 
then, according to our starting points, 141° within the Balance. And that was 
the year 512 of Nabonassar, Egyptianwise Thoth 9-10, at dawn, at which time 
the mean sun was 514° within the Scorpion. Therefore, the greatest. morning 
elongation was 21°. 

In the year 67 according to hve Chaldeans, Apellaius 5 in the morning, Mer- 
cury was half a cubit on the upper side of the northern forehead of the Scorpion. 
And so at that time, in our terms, it was 214° within the Scorpion. And that was 
the year 504 of Nabonassar, Egyptianwise Thoth 27-28 at dawn, at which time 
the mean sun was (24+14+14)° within the Scorpion. Therefore the elongation 
itself was 2214°. Then again—since in these two observations the difference be- 
tween the mean positions comes to 1924°, and between the greatest elongations 
to 114°, and since for this reason 9° corresponds to the 24° by which the 212° of 
the elongation required exceed the 21° of the smaller elongation—if we add 
these 9° to the 514° within the Scorpion, we shall have the mean position at 
which the greatest morning elongation is equal to the 2124° of the evening elon- 
gation. And this mean position is 1414%° within the Scorpion. And again, the 
point midway between (27+14+14)° within the Lion and 144° within the 
Scorpion is very nearly 6° within the Balance. 

From these appearances, then, and from the agreement of the appearances 
particular to the other stars, we find it consistent for the diameters through the 
perigees and apogees of the five planets to make a shift about the ecliptic’s cen- 
tre eastward in the order of the signs, and for that shift to be at the same rate 
as that of the sphere of the fixed stars. For, as we showed [vi1, 2], it shifts very 
nearly 1° in a hundred years, and so the time from the old observations, where 
Mercury’s apogee was about 6°, to our own observations, where it has come to 
be about 10°, is found to embrace nearly 400 years. 
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8. THat MeRcurRY ALSO BECOMES TWICE PERIGEE IN ONE REVOLUTION 


Following on this, we examined the magnitudes of the greatest elongations 
produced when the sun’s mean position was at the apogee itself, and again when 
it was diametrically opposite. And here one can very well understand the use- 
fulness of this kind of sighting [z.e., with the astrolabe], since, even if some ob- 
served stars do not appear near each other because of their predetermined posi- 
tions (and this happens for the most part in the case of Mercury because most 
of the fixed stars can rarely appear at a distance from the sun equal to Mer- 
cury’s), yet by sighting with the far distant stars it is possible to get accurately 
their longitudinal and latitudinal positions. 

Now in the year 19 of Hadrian, Egyptianwise Athyr 14-15, the morning 
Mercury was at its greatest elongation, and, sighted with the star of the Lion’s 
heart, it. appeared to be 2014° within the Virgin, while the mean sun was about 
914° within the Balance. And so the greatest elongation came to 191%49°. 

And in the same year, Pachon 19 in the evening, it was at a greatest elonga- 
tion, and, sighted with the bright star of the Hyades [Aldebaran], appeared to 
be 414° within the Bull, while the mean sun was 1114° within the Ram. And so 
the greatest elongation in this case came to 2314°, and from that it was clear 
the eccentric’s apogee was in the Balance and not in the Ram. 

Now, these things being given, let the straight line ABC be the diameter 
through the apogee; and let the point B be supposed the ecliptic’s centre where 
the eye is; A the point 10° within the Balance; and C the point 10° within the 
Ram. Let equal epicycles be described about A and C, one with point D on it, 
the other with point Z; and let the straight lines BD and BE be produced from 
B tangent to them; and let the perpendiculars AD and CE be drawn from the 
centres to the points of contact. 

Since, then, the greatest morning elongation in the Balance was observed to 
be 19}40° from the mean position, 

angle ABD = 19°3’ 
=38°6’ to 2 rt. 


And so, on the circle about right triangle ABD, 
arc AD =38°6’, 
and wi 
chord AD =39?9’ 
where 


hypt. AB =120?. 
Again, since the greatest evening elongation in the Ram was ob- 
served to be 2314° from the mean position, F 
angle CBE = 23°15’ 
= 46°30’ to 2 rt. 4 
And so also, on the circle about right triangle CBE, 


arc CE = 46°30’ \ 
and > E 


chord CE =47°22’ 
where 
hypt. CB=120. 
And because as radii of the epicycles 
AD=CE, 
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therefore 
BC =99°9’ 
and, by addition, 
ABC =219°9’ 
where 
CE =39°9’ 
and 
AB = 20". 
And so, if the straight line ABC be bisected at F, then as half of ABC 
AF = 109°34’, 
and 
BEBOP lM: 


Then it is clear that either the point F is the centre of the eccentric or the 
centre around which the centre of that eccentric circle is revolved. For in this 
way only could the epicycle’s centre be equidistant from F for either of the dia- 
metrically opposite positions, as was proved. But since, if F were itself the centre 
of that eccentric on which the epicycle’s centre always lies, that eccentric would 
be fixed, and of all the positions that in the Ram would alone be perigee because 
BC is the least of all the straight lines from B to the circle described about F; 
and since the position in the Ram is not to be the nearest the earth, but positions 
in the Twins and the Water Bearer are even nearer the earth than it and very 
nearly equal to each other, therefore it is clear that the centre of this eccen- 
tric is carried about point F in the direction contrary to that of the epicycle’s 
revolution — that is, westward contrary to the order of the signs— once in 
one cycle. For in this way the epicycle’s centre will be twice perigee in that 
cycle. 

It is immediately understandable from the observations just set out [rx,7], 
that the epicycle is nearer the earth in the Twins and the Water Bearer than in 
the Ram. For in the observation of the year 16 of Hadrian, Phamenoth 16, the 
greatest evening elongation from the mean position was 21)4°; and in the ob- 
servation of the year 4 of Antonine, Phamenoth 18, the greatest morning elonga- 
tion from the mean position was 2614°, while the mean sun for both observations 
was about 10° within the Water Bearer. And again, in the observation of the 
year 18 of Hadrian, Epiphi 19, the greatest morning elongation from the mean 
position was 2114°; and in the observation of the year 1 of Antonine, Epiphi 20, 
the greatest evening elongation from the mean position was 2614°, while for 
both observations the mean sun was about 10° within the Twins. And so the 
contrary greatest elongations in the Water Bearer and in the Twins, added to- 
gether, come to (47+14+)4)°, while both the greatest elongations in the Ram 
together embrace 4614°, because the evening elongation was observed to be 
equal to the morning one of 2334°. 


9. On THE Ratio AND MAGNITUDE OF MrERcurRY’s ANOMALIES 


Now, once these things have been dealt with, it remains to show around what 
point of the straight line AB the epicycle’s yearly return in regular motion east- 
ward in the order of the signs takes place; and how far from F is the centre of 
the eccentric making its return at an equal speed westward. We have also used 
for this research two observations of greatest elongations both morning and 
evening, with the mean position in either case situated a quadrant’s distance 
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from the apogee on the same side, for in this position very nearly the greatest 
difference of zodiacal anomaly is produced. 

For in the year 14 of Hadrian, Egyptianwise Mesore 18 in the evening, as we 
find in the observations taken by Theon, ‘‘Mercury,” he says, ‘‘was at its great- 
est elongation from the sun, being (3+14+14)° east of the star in the Lion’s 
heart [Regulus].’’ And so, according to our starting points, it was very nearly 
614° within the Lion, while the mean sun at that time was about 1014 2° within 
the Crab. And so the greatest elongation was 2614°. 

And in the year 2 of Antonine, Egyptianwise Mesore 24 at dawn, observing 
its greatest elongation with the astrolabe and sighting it with the bright star of 
the Hyades [Aldebaran], we found Mercury to be 2014 2° within the Twins, while 
the mean sun was again about 104° within the Crab. And so the greatest morn- 
ing elongation was 2014°. 

Now, with these things supposed, again let there be the diameter AFBC 
through the points 10° within the Bal- 
ance and the Ram. And as in the last fig- 
ure, let A be supposed the point where 
the epicycle’s centre lies when it is 10° 
within the Balance; C the point where it 
lies when it is 10° within the Ram; B the 
centre of the ecliptic; and F the point 
about which the eccentric’s centre makes 
its westward shift. 

First let it be required to find how far 
from the point B is the centre about 
which we say the epicycle’s regular east- 
ward movement takes place. 

Then let it be the point G, and let a 
straight line be drawn through G at right 
angles to AC, so that it will be a quad- 
rant’s distance from the apogee A; and 
let H be taken on it as the centre of the epicycle, according to the observations 
just set forth, because in these the mean position was a quadrant’s distance from 
the apogee, the mean sun being about 10° within the Crab. And with the epicy- 
cle KL described about H, let the straight lines BK and BL be drawn from B 
tangent to it. And lett HK, HL, and BH be joined.! 

Now, since at the mean position just taken, the greatest morning elongation 
is supposed 2014°, and the evening 2614°, therefore 

angle KBL =46°30’; 
and therefore, being half of angle ABL, 
angle KBH = 46°30’ to 2 rt. 
And so also, on the circle about right triangle BHK, 
arc HK = 46°30’, 
and 
chord HK = 47°22’ 
where 
hypt. BH = 120°. 

1We have added to the figure a broken line through B parallel to GH to represent the line 

to the mean sun which moves regularly, of course, about the earth or the centre of the ecliptic. 
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and it was shown [p. 300)... ite . io BI xa9v od? ni oF 

BF= 10°23’, Eg 

there ; 
BH= Oo". 


Aqnih, viene tha tiliceeneni nt G7 hed uenmthenedeaians clestdetiinnce 
twice the difference of rodiscal anamaly, and since this difference B ce 
angle BHG (for we hsve proved that before [p. 295)), therefore 


angle BHG=3° — 
=6° to 2 rt. evHs 
And so, on the circle about nght tmangie BGH, 
a are BG=®*, 
; chard BG =F 17 
. hypt. BH = 120°. — 
And where 
BH =e" 
and hkewise 
BF =i10°23’, 
there 
BE=F 17 
Therefore 
BG=half BF 
BG=BF=>1?7 JA 
where iP. Ss oe 
~ | “@pie. Fad. =39"9". = 
Again, m the same figure, Iet the straight line FMN be drawn through F ; 


by GH and FN. And ket 
FN=FA,;>-> > 

so that FN like FA is composed of the 
eccentric’s radius and of the Straight 
lime between the eccentric’stentres and 
the pomt F. And let the eccentric’s 
centre be taken on it and ket # be M- 
And let FH be joimed. 

Then, since ansle MFG is night, and 
since angle HFG hardly differs at all 
from a might angle so that NFH does 
bot der apprecialy frm straight fine andlsince thas been shown fp 
that, ii of 33 


Byoiae ol} A bas 90, 4 if D teh ba , 
et ew NP A BRE 
Sl 7 7 “ 

. “@ 


warty as . J. DOM 


FH = BH = 999, 
by addition, sci 
NFH =Q0Br4Ag imu 
3 nadiuas will be the half of Mil, thats ie 
NM. * 104722" 


d, by subtraction, 


L. btw. ¢. FIL = 5P 12". 

it was shown |p. 302] | ) | 

BG = FP 12!, 

GH = 5? 1:2! 
ene the parts are the same. — 
Therefore we have proved tbat, to, the 10422" of the eceentme’s radius, each 
| Beer ctesight: lines betrwean the centres is 5?12/, and the epicycle’s radius 39”9/. 
ea algae pi gene yrequae see gine ang ee gE oe Pp nd 
ween the centers will be 3”, andl thee epaeyedie's uadiiees 22700 Which ib was re~ 
uured to prove. \ 
_ And we can discover in. the folloming way that, these things being supposed, 
greatest hnaptione at the perigees are consistent with the observations; 
that, is, that, when the mean position. is: LO? 
within. the Water Bearer or 10° within the 
Twins and is distant from the apogee: the 
side of the imseribed equilatersl triangle, 
them the angle at the eye subtending the 
epicycle is very nearly (47-+14+- 14)". 

For let there be the diameter through. the 
apogee ABCD, and let, point A om ib, be 
supposed at the apogee; B the point about 
which the eccentric’s centre moves west- 
! ward © the point about which the epi- 
/ eycle’s centre moves eastward; and D) the 

centre of the ecliptic. And let both move~ 

ments be taken about their proper cenbres, 
regularly and equally, im opposite diree- 
tions from. the apogee A, through am angu- 
lax distance equal to the side of the in- 

-seribed equilateral triangle. And let CF’ be 
t line revolving the epicycle, and BG the straight line revolving the 
‘'T Si eeecieslilit nn the putepedpah alianing aandbdaia tenet hana heen: hasten 
Pt through empirical mathematical methods—that is, by trying points very, small dis- 
aoneey Samm the ginen point on either side and calculating the distances. For instance, 
the square of the distance B/T (1.¢., the distance of the epicycle’s centre to the 
i teek then, the epiayclh’s canter: ix 118° fram the apoges, secondly when it is 120° from 
. ) apog » and thirdly when. it is 122° from the apogee, we get the following values re- 

5 + 3,101.49, 3,101.04, and 3,101.99; According to Mr.. George Comenetw, whe, has 
‘on this problem, it is evident from, the methods of the differential calculus that the 
gee’s being at or very near the point 120° from the apogee is dependent on the particular 
} een eres s. radius. Therefore, there is no general 
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eccentric’s centre. And let G be the eccentric’s centre, and F the epicycle’s. 
And with the epicycle described about F, let DH and DK be drawn tangent to 
it; and let CG, DF, FH, and FK be joined. And let DL be drawn from 
D perpendicular to CF. 
It is required to prove that 
angle HDK = (474+-44+4)°. 
Since, then, each of the angles ABG and ACL subtends a side of the inscribed 
equilateral triangle and equals 120°, so that 
angle CBG=angle DCL=60°, 
and since : 
angle BGC =angle BCG 
because it is supposed 
BC=BG, 
and since the other two angles together are 120°, and each of them 60°, the tri- 
angle BCG is equiangular and equilateral. And also 
angle DCL=angle BCG; 
therefore G, C, and F are points on the same straight line. 


And so 
ecc. rad. GF = 60° 
where 
CG=CD=3>, 
CD being the straight line between the centres. And, by subtraction, 
CF =57?. 


Again, since 
angle DCL=60° 
=120° to,2 rt., 
therefore, on the circle about right triangle CDL, 
ate. DyL= 120° 
and, by subtraction from the semicircle, 
arc CL=60°. 
And therefore 
chord DL= 103°55’, 
chord CL = 60? 


where 
Wat's hypt. CD = 120°. 
DL= 2°36’, 
CL=1"30’, 
and, by subtraction, 
LF =55"30’ 
where 
DC=3° 
and likewise 
* Cr =a, 
And since 
sq. LF+sq. DL=sq. DF, 
therefore 


DF =55?34' 
where it was supposed | 
FH=FK =22°60', 
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that being the epicycle’s radius. 
And therefore 

FH =FK = 48°35’ 
where 

hypt. DF = 120°; 
and 

angle FDH =angle FDK =47°46’ to 2 rt. 
so that, by addition, 
angle HDK =47°46’. 

Which it was required to prove. 


10. ON THE CORRECTION OF MERcuRY’s PERIODIC MOVEMENTS 


Now, the establishing of Mercury’s periodic movements and its epochs fol- 
lows next. And we have the longitudinal movements—that is, those carrying 
the epicycle regularly about C—immediately given from those of the sun; and 
the movements of anomaly—that is, those carrying the star on the epicycle a- 
bout the epicycle’s centre—we have taken from two sure observations, one from 
those recorded by us, the other from old ones. 

For in the year 2 of Antonine, which was the year 886 of Nabonassar, Egyp- 
tianwise Epiphi 2-3, we observed Mercury with the astrolabe when it had not 
yet come to its greatest evening elongation, and being sighted with the star in 
the Lion’s heart [Regulus] it appeared to be 174° within the Twins. At that 
time it was past the moon’s centre to the east by 114°, and in Alexandria the 
time was 4/4 equatorial hours before midnight of the third, since on the astro- 
labe the point 12° within the Virgin was culminating and the sun was about 23° 
within the Bull. But the sun’s mean position at that hour, according to the hy- 
potheses demonstrated by us, was 22°34’ within the Bull. The moon’s mean 
position was 12°14’ within the Twins, and the moon was 281°20’ in anomaly 
from the epicycle’s apogee, so that the true position of the moon’s centre came 
to 17°10’ within the Twins, and its apparent position 16°20’ within the Twins. 
Therefore Mercury, since it was 14%° beyond the moon’s centre, was 1714° with- 
in the Twins. 

With this assumed, let ABCDE be 
the diameter through the apogee and 
perigee. And let A be supposed its point 
at the apogee; B the point about which 
the eccentric’s centre moves westward; 
C the point about which the epicycle’s 
centre moves eastward; and D the cen- 
tre of the ecliptic. And let the epicy- 
cle’s centre F have been moved through 
angle ACF about point C by the 
straight line CF; and let the eccentric’s 
centre G have been moved about B by 
the straight line BG to the extent of 
angle ABG, of course always equal to 
angle ACF because of the equal rate of 
the movements. And, with the epicycle 
HKL described about F, let the star be 
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supposed at ZL. And let CG, GF, DF, FL, and DL be joined; and:let GM and DN 
be drawn from G and D perpendicular to CFH produced, and FX from F 
perpendicular to DL. 
And it is required to find the epicycle’s arc from the apogee H! to the star at L. 
Since, then, the mean sun at that time was 22°34’ within the Bull, and the 
star’s perigee very nearly 10° within the Ram so that its mean longitudinal posi- 
tion was 42°34’ from the perigee, therefore 
angle CBG = 42°34’ 
= 85°8’ to 2 rt., 
and, because always 
BU ier, 
7 angle BGC = angle BCG = 137°26’ to 2 rt. 
And so, on the circle about triangle BCG, 
arc GC =85°8’ 


and 

arc BC = 137°26’. 
And therefore 

chord GC =81"10’ 

chord BC = 111?49’. 
And so 
GC = 2°11’ 
where 
BC =3?. 


Again, since 

angle BCG = 137°26’ to 2 rt. 
and 

angle BCM = 85°8’ to 2 rt., 
therefore also, by subtraction, 

atigle GCM = 52°18’ to 2 rt. 
And so also, on the circle about right triangle CGM, 

arc GM = 52°18’ 
and, by subtraction from the semicircle, 
are Ow = 127242’. 
And therefore 
, chord GM = 52053 
where 
hypt. CG =120? 
and 
CM = 107743’. | 
1The regular epicyclic apogee.and perigee, for the planets Mercury, Venus, Mars, Jupiter, 

and Saturn, are determined as always by the straight line through the equant’s centre and 
the epicycle’s centre. The regular apogee and perigee are the points on the epicycle from 
which the anomalistic angle is regularly measured off. They coincide with the apparent 
apogee and perigee only when the epicycle’s centre is at the eccentric’s apogee or perigee. It 
should be recalled here that, in the case of the moon [V, 5], the equant’s centre and the earth 
coincide, and that there is the moon’s mean apogee and perigee, determined by the straight 
line through the epicycle’s centre and another point different from the earth. The mean 


apogee and perigee in the case of the moon are the points from which the anomalistic angle 
is measured off. 
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And so also 

GM =0°58’ 
and | 

CM = 1°58’ 
where . 

GC = 2°11’ 
and 

GF= 60°, 


GF being the radius of the eccentric pearing the epicycle. 
reason inapprecisbly less than the hypotent¥se GF, 
MF =60?, 
and, by subtraction, 
CF =58°2’. 
Likewise, since 
angle DCN =85°8' to 2 rt., 
therefore, on the circle about right triangle CDN, 
arc DN =85°8’, 
and, by subtraction from the semicircle, 
are CN =94°52’. 


And so 

chord DN = 81°10’ 
and 

chord CN = 88°23’ 
where 


hypt. CD =120?. 
And therefore 


DN = 2°2' 
and 

CN = 2°13’ 
and, by subtraction, 

NF =5549' 
where 
i CD=3? 

and, as was shown, 
CF =58?2’. 


And for this reason 
hypt. DF =55°51’ 


where 
{ epic. rad. = 22°30’. 
And therefore 
¢ DN = 4°22’ 
where 


hypt. DF =120°. 
ai on the circle about right triangle DFN, 
arc DN= 4°] I’, 
so ri also 
angle RD: 4°11’ to 2 rt. 
and, by addition, 
angle HDF = 89°19! to 2 rt. [Eucl. 1, 32], 
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and, also by addition, 
angle EDL = 135° to 2 rt. 
because the star at that time appeared to be 67°30’ from the apogee; and, by 
subtraction, 
angle FDL =465°41' to 2 rt. 
And therefore, on the circle about right triangle DFX, 
arc FX =45°41’; 


and 
chord FX = 46°35’ 
where 
hypt. DF =120°. 
And so also 
FX =21°41' 
where 
DF 25551" 
and 
epic. rad. FL = 22°30’. 
And again 
FX = 115°39’ 
where 


hypt. FL = 120°. 
And therefore, on the circle about triangle FLX, 
are FX = 149°2’ 

and 

angle FLX =149°2’ to 2 rt. 
And it was proved that 

angle FDL =45°41’ to 2 rt. 
and likewise 

angle HFK =4°11’ to 2 rt. 
And so, by addition, 

angle HFL=198°54’ to 2 rt. 

= 99°27’. 
And therefore the arc HKL of the epicycle, which is Mercury’s distance from 
the apogee H at the observation, is 99°27’. Which it was required to prove. 
And again, in the year 21 according to Dionysius, which was the year 484 of 

Nabonassar, Scorpion 22, Egyptianwise Thoth 18-19, the morning Mercury was 
the distance of a moon east of the straight line through the northern and middle 
stars of the Scorpion’s forehead, and was 2 moons north of the northern star of 
the forehead. But the middle star of the Scorpion’s forehead was at that time, 
according to our starting points, 124° within the Scorpion and the same number 
of degrees south of the ecliptic. And the most northern star was 214° within the 
Scorpion and 114° north of the ecliptic. Therefore Mercury was very nearly 344° 
within the Scorpion. It is also evident that it had not yet come to its greatest 
morning elongation, because 4 days later, Scorpion 26, it is recorded that it was 
a moon and a half east of the same straight line. For the elongation was greater, 
since the sun had moved nearly 4°, and the star a half moon. And the mean sun, 
Thoth 19 at dawn, was (20+14%+14)° within the Scorpion according to our ways 
of counting, and the star’s apogee was 6° within the Balance because the 400 
years or so between the observations made the apogee shift very nearly 4°. 


— 
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Now, with these things supposed, 
let a figure similar to the one above 
be again constructed. But because 
of the dissimilarity of the positions, 
let the angles at the apogee A be 
drawn acute, and let the straight 
lines joining the star be drawn to 
the west of the epicycle, and let 
the perpendicular FX be drawn 
above the epicycle’s radius FL. 

Since, then, the mean position of 
the star was 44°50’ from the apo- 
gee, 

angle ABG = 44°50’ 
= 89°40’ to 2 rt. 
And so, by subtraction, 

angle CBG = 270°20’ to 2 rt., 

and 


angle BCG =angle BGC = 44°50’ 
to 2'Tt. 
And therefore 
chord CG = 84°36’ 
and 
BC = BG = 45?46’ 
where, in the circle about triangle BCG, 
the diameter = 120°. 
And therefore 
CG = 5°33’ 
where 
BC = BG =3?. 
Again, since it is supposed 
angle ACF =89°40’ to 2 rt. 
and 
angle BCG = 44°50’ to 2 rt., 
and by addition 
angle FCG = 134°30’ to 2 rt., 
therefore, on the circle about right triangle CGM, 
are GM = 134°30’ 
and, by subtraction from the semicircle, 
arc, CM =45°30'. 
And therefore 
chord GM =110°?40’, 


and 
chord Cdl =46"24’ 
where 
hypt. CG=120?. 
And so 


GM =5°7' 
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and 
CH = 2°10’, 
where 
CG = 5°33! 
and 


ecc. rad. FG =60?. 
And therefore, by addition, 
FM = 59°47’ 
and 
FMC=61°57’. 
Likewise, since ' 
angle DCN =89°40’ to: 2:rt., 

therefore, on the circle about right triangle CDN, 

are DN =89°40’ 
and, by subtraction from the semicircle, 

arc CN = 90°20’. 


And therefore 
chord DN = 84°36’, 
chord CN =85°6/ 
where 
hypt. CD =120?. 
And so also 
DN =2°7', 
CN =2°8’, 
and by addition 
FCN =64°7’ 
where 
Cd) = 3%: 
And therefore 
DN =3°58' 
where 
FD =120?., 


And, on the circle about right triangle DFN, 
arc DN = 3°48). 

And so also any 
angle DFN =3°48’ to 2 rt., 
and, by subtraction, 

angle ADF =85°52’ to 2 rt. 
But also it is supposed 

angle ADL = 54°40’ to 2 rt. 


because, according to the observation, the star was 27°20’ from the apogee. 


And so, by subtraction, 
angle FDL =31°12’ to 2 rt. 

And therefore, on the circle about right triangle PDX, 

are FX =31°12’, 
and 

chord FX =32?16’ 
where 

hypt. DF =120°. 
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And therefore 


TA = fir ie 
where 
DF = 64°7' 
or 
epic. rad. FL =22°30’. 
And 
FASO 
where 
FL= T20". 


And so also, on the circle about right triangle FLX, 
are FX = 100°8’ 

and ; 

angle FLX = 100°8’ to 2 rt. 
And it was also shown that. | 

angle FDL =31°12’ to 2 rt. 
And 

angle HFK =3°48’.to 2 rt. 
and so also, by subtraction, ) 
angle AFL =65°8’ to 2 rt. 

= oer 3A: 

Therefore, at this observation, the star was 32°34’ from K the epicycle’s peri- 
gee, and of course 212°34’ from the apogee. At the time of our own observation, 
it was shown to be 99°27’ from the epicycle’s apogee; the time from one observa- 
tion to the other is 402 Egyptian years, 283 days, and very nearly 1314 hours; 
and that time embraces 1,268 of the star’s returns in anomaly, since, with 20 
Kigyptian years making very nearly 63 cycles, the 400 years add up to 1,260 
eycles, and the 2 years with the days added on give 8 whole cycles more. There- 
fore it is clear to us that, in 402 Egyptian years, 283 days, and 1314 hours, Mer- 
eury added on, over and above the 1,268 returns in anomaly, the 246°53’ by 
which its position at our own observation exceeds its position at the older one. 
And just about that number of degrees result in the tables set out by us, since we 
made the correction of Mercury’s periodic movements from these very observa- 
tions, reducing the proposed time to days and the cycles of anomaly plus the 
surplus to degrees. For when the number of degrees had been divided over the 
number of days, we got Mercury’s daily movement of anomaly as we gave it. 


11. On THE Epocu oF 1Tts PER1opIC MovEMENTS 


«In order, then, as with the sun and moon, to establish the epoch for the five 
planets at the year 1 of Nabonassar, Egyptianwise Thoth 1 at noon, we took the 
time from it, to the older and nearer of the observations. The time came to 483 
Egyptian years, 17 days, and very nearly 1814 hours. And a surplus of 190°39’ in 
mean movement of anomaly corresponds to this amount of time. If we subtract 
these from the 212°34’ representing the distance from the apogee at the ob- 
servation, we shall have the epoch in the year 1 of Nabonassar, Egyptianwise 
Thoth 1 at noon (1) 21°55’ from the epicycle’s apogee for anomaly; (2) for longi- 
tude the same as the sun, that is 45’ within the Fishes; (3) and the apogee of 
eccentricity 144° within the Balance, since the number of years in hundreds 
comes to about 4+-14+)4, just the number by which the 6° within the Balance 
at the observation exceeds 114°. 


BOOK TEN 


1. DEMONSTRATION OF VENUS’ APOGEE 


THEREFORE we have ascertained in this way the hypotheses of Mercury, the 
magnitudes of its anomalies, and further the quantity of its periodic movements 
and of their epochs. In the case of Venus, we again sought, from equal greatest 
elongations on corresponding sides, in what parts of the ecliptic the apogee and 
perigee of eccentricity are. For this purpose we did not have any old observa- 
tions exactly corresponding, but we have made just such an addition from our 
own observations. 

For among those given us from Theo the mathematician, we found an ob- 
servation recorded in the year 16 of Hadrian, Egyptianwise Pharmouthi 21-22, 
in which he says the evening Venus was at its greatest elongation from the sun, 
being west of the middle star of the Pleiades by as much as the length of the 
Pleiades. It seemed also to be passing by a little to the north. Now, since the 
middle star of the Pleiades was at that time, by our starting points, 3° within 
the Bull, and since their length is very nearly 114°, it is evident Venus was then 
114° within the Bull. And so, since the mean sun was then 1414° within the 
Fishes, the greatest evening elongation from the mean position was 4714°. 

And in the year 14 of Antonine, Egyptianwise Thoth 11-12, we observed the 
morning Venus at its greatest elongation from the sun; and it was north of the 
star in the middle of the Twins’ knees, and east of it by half a full moon. At that 
time that fixed star, by our starting points, was 1814° within the Twins so that 
Venus was very nearly 1814° within the Twins, while the mean sun was (5+%4+ 
14)° within the Lion. Therefore, the greatest morning elongation was also 4714°. 

Then, since the mean position at the first observation was 1414° within the 
Fishes, and at the second observation (5-+14+14)° within the Lion, and since 
the point midway between them falls 25° within the Bull and 25° within the 
Scorpion, the diameter through the apogee and perigee would be at these points. 

Likewise, among the observations from Theo, we found that in the year 12 of 
Hadrian, Egyptianwise Athyr 21-22, the morning Venus was at its greatest e- 
longation from the sun, being east of the star at the tip of Virgin’s southern 
wing by the length of the Pleiades, or this length less Venus’ own magnitude. 
And it seemed to be passing north of the star by one moon. Now, since this 
fixed star was at that time, according to us, (28+14+144+)42)° within the 
Lion so that Venus was very nearly 14° within the Virgin, and since the mean 
sun was (17+144+144+%0)° within the Balance, the greatest elongation from 
the mean position was (47+14+1%9)°. 

And in the year 21 of Hadrian, Egyptianwise Mechir 9-10 in the evening, we 
ourselves observed Venus at its greatest elongation from the sun. It was very 
nearly 24 a full moon west of the northernmost star of the four in a square, fol- 
lowing the star to the east of, and in a line with, the Water Bearer’s testicles; 
and it seemed to outshine the star. And so since this fixed star was then, accord- 
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ing to us, 20° within the Water Bearer, and therefore Venus was about 193<° 
within the Water Bearer, and since the mean sun was 244 5° within the Goat, the 
greatest evening elongation was (47-+14+149)°. And the points midway be- 
tween the (17+144+4%+%0)° within the Balance of the first observation and 
the 21y5° within the Goat of the second are again very nearly 25° within the 
Scorpion and within the Bull. 


2. On THE MAGNITUDE OF ITs EPICYCLE 


In this way, therefore, we took the apogee and perigee of eccentricity for our 
time at 25° within the Bull and within the Scorpion. And next we again ex- 
amined the greatest elongations when the sun’s mean position was about 25° 
within the Bull and about 25° within the Scorpion. 

For, among the observations given us from Theo, we find that in the year 13 
of Hadrian, Egyptianwise Epiphi 2-3, the morning Venus was at its greatest 
elongation from the sun, being 124° west of the straight line through the princi- 
pal star of the three in the Ram’s head and through the star of the hind-leg. Its 
distance from the principal star in the Ram’s head was very nearly double that 
from the star in the leg. And at that time, according to us, the principal star of 
the three in the Ram’s head was 634° within the Ram and 714° north of the 
ecliptic; and the star in the hind-leg was (14+4-+14)° within the Ram and 
514° south of the ecliptic. Therefore Venus was 103s° within the Ram and 144° 
south of the ecliptic. And so, since the mean sun was then 252° within the Bull, 
the greatest elongation from the mean position was 441°. 

And in the year 21 of Hadrian, Egyptianwise Tybi 2-3 in the evening, we ob- 
served Venus at its greatest elongation from the sun; and, sighted with the stars 
in the Goat’s horns, it appeared to be (12+14+14)° within the Goat, while the 
mean sun was 2514° within the Scorpion. And so the greatest elongation from 
the mean position came to 471°. It is clear that the apogee is 25° within the 

Bull and the perigee 25° within the Scorpion. And 
it is evident to us that there is only the eccentric 
bearing Venus’ epicycle, because nowhere on the 
ecliptic is the sum of both the greatest elongations 
on either side found to be either less than the sum 
of both those in the Bull or greater than the sum 
of both those in the Scorpion. 


a> Then, with these things assumed, let there be 
the eccentric circle ABC on which Venus’ epicycle 

pe is always borne; and let this circle be about dia- 
8 ‘meter AC on which let D be supposed the eccen- 
— tric’s centre, E the ecliptie’s centre, and A the 

Gosh point 25° within the Bull. About points A and 


C let equal epicycles be described with points 
F and G on them. And let the tangents EF and 
EG be drawn through, and AF and CG joined. 

Since, then, angle AEF, at the ecliptic’s centre, 
subtends the greatest elongation at the star’s apo- 
gee which is assumed to be 444°, therefore 

angle A EF = 44°48’ 
= 89°36’ to 2 rt. 
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And so, on the cirele about right triangle AFF, 
arc AF= 89°36’, 
and 
chord AF = 34033! ; 
where 
hypt. AH =120°. 
Likewise, since angle CEG subtends the greatest, elongation at the perigee 
which is assumed to be 47 14°, therefore . 
angle CEG = 47°20’ 
= 94°40’ to 2 rt. 
And so, on the circle about right triangle CEG, 
are CG =94°40", 
and Jie : 
chord C@=88?13’ 
where 
hypt. CH = 120. 
And therefore, where 
rad. epic. CG=rad. epic. AF 


= 84°33’ 
and 
AE=120?, 
there 
BO=1158v 
and clearly, by addition, 
AC =200 17 
and, half of AC 
AD = 11730’, 


and, by subtraction, 
1. betw. c. DE = 2°29’. 


And so also 
1. betw. c. DE=1142, 
; epic. rad. AF =43°6’ 
where 


ece. rad. AD =60?. 


3. ON THE RATIOS OF THE STAR’S ECCENTRICITY 


Since it is not clear whether the regular movement of the epicycle is effected 
about point D, we took two greatest elongations on opposite sides_at a time 
when the sun’s mean position was a quadrant’s distance in one direction or the 
other from the apogee. One of them we made in the year 18 of Hadrian, Egyp- 
tianwise Pharmouthi 2-3, according to which the morning Venus was at its great- 
est elongation from the sun; and, sighted. with the star called Antares, it was 
(11+44+44+ 2°) within the Galt while the mean sun was then 2514° within 
the Water Bearer. And so the anentests morning elongation.was (43 +144 Tse 

The other one we made in the year 3 of Antonine, Egyptianwise Pharmouthi 
4-5 in the evening, according to which Venus was at his greatest elongation from 
the sun; and, sighted-with the bright star of the Hyades [Aldebaran] was (13+ 
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14+14)° within the Ram, while the mean sun was again 2514° within the Water 
Bearer. And so, therefore, the greatest evening elongation from the mean Do 
sition was 4814°. 

With these things denmacd, let: there be the diameter ABC through the apo- 
gee and perigee 
of eccentricity; 
and let A be sup- 
posed the point 
25°. within the 
Bull, and B’the 
ecliptic’s centre. 

Let it be re- 
quired to find the 
centre around 
which we say the 
epicycle’s regu- 
lar movement is 
effected. 

Then let it be 
the point D, and 
let DE be drawn 
through it per- 
pendicularto AC 
in order that the 
epicycle’s mean 
position may be a ne ri distance hau the apogee as in the observations. 
And let the epicycle’s’ centre E be taken on DE according to the observations 
given. With epicycle FG described about E, let BF and BG be drawn from B 
tangent to it, and let BF, EF, and EG be joined. Since, then, for the proposed 
mean position, the greatest: morning elongation is assumed to be (43+ w+ 
V4o)°, and the evening one 481°, therefore, by addition, 

angle FBG = 91°55!; Wo 
and therefore, angle FBE being half of it, 
* angle FBE =91°55’ to 2 rt. 
‘And so, on the circle about right triangle BEF, 


are EF =91°55’, 


and : 
chord EF =86°16’ 
where 
, i hypt. BE = 120°. 

And therefore where re 
4 epic. rad. EF = 43°10’, 
there 

. BE=60?3’. 

_ Again, since the difference between these greatest elongations, which is A°45!, 


embraces twice the difference of zodiacal anomaly for that time which is con- 
tained in angle BED, therefore 
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angle BED =2°2214' 
= 4°45’ to 2 rt. 
And so also, on the circle about right triangle BDE, 
‘are BD =4°45', 
and 
chord BD = 4°59’ 
where | 
" ie BE= 120°. 
And therefore 


BD=2\6p 
where 

BE =60°3’, 
and 


epicycle’s rad. = 43°10’. 
But the straight line between B the ecliptic’s centre and the centre of the ec- 
centric the epicycle’s centre is alw ays on, was shown to be 114”; and so it is 
half BD. 

If, therefore, we bisect BD at H, we > shall have demonstrated that 
| 1. betw. c. BH =1. betw. c. HD=114?, 

and 

epic. rad. EF = 43°10’ 
where 

AH =60?, 

AH being _— of the eccentric bearing the epicycle. 


4. ON THE CORRECTION OF THE STAR’S PERIODIC MovEMENTS 


Now, the mode of the hypothesis and the ratios of the anomalies were gotten 
by us in this way. But again, for the periodic movements of the star and its 
epochs, we took two sure observations from among our own and from among 
the old ones. 

With the astrolabe, in the year 2 of Antonine, Egyptianwise Tybi 29-30, we 
observed the morning Venus with Spica, after its greatest elongation. And it ap- 
peared to be 614° within the Scorpion. At that time it was between, and on a 
straight line with, the northernmost star in the Scorpion’s forehead and the 
moon’s apparent centre; and it was west of the moon’s centre by one-and-a-half 
times its distance east of the northernmost star in the forehead. But this fixed 
star was then, by our starting points, 6°20’ within the Scorpion and 1°20’ north 
of the ecliptic. And the time was 4+14+ 4 equatorial hours after midnight, 
since, with the sun about 23° within the Archer, the point on the astrolabe 2° 
within the Virgin was culminating. At this time the sun’s mean position was 
22°9’ within the Archer; and in mean longitude the moon was 11°24’ within the 
Scorpion, in anomaly 87°30’ from the apogee, and in latitude 12°22’ from the 
northern limit. Therefore, the moon’s centre had its true position 5°45’ within 
the Scorpion, and 5° north of the ecliptic; and in Alexandria it appeared to be 
6°45’ within the Scorpion in longitude, and 4°40’ north of the ecliptic. Therefore 
Venus, for these reasons, was 6°30’ within the Scorpion and 2°40’ north of the 
ecliptic. 

With these things assumed, let A BCDE be the diameter through the apogee. 
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And let A be supposed the 
point 25° within the Bull; B 
the point about which the 
epicycle moves regularly; C 
the centre of the eccentric 
on which the epicycle’s cen- 
tre is borne; and D the cen- 
tre of the ecliptic. Since in 
the observation the mean 
sun was 22°9’ within the 
Archer, so that the epicy- 
cle’s mean position was 27° 
9’ east of the perigee at E, 
let the epicycle’s centre be 
supposed at F; and, with 
epicycle GHK described 
about it, let DFG, CF, and 
BFH be joined. Let CL and 
DM be drawn from Cand D 
perpendicular to BF. And, 
with the star put at point 
K, let DK and FK be joined, 
and FN drawn perpendicu- 
lar. 

It is required to find the 


arc HK, the distance of the star from the epicycle’s apogee. 


Since, then, 
angle EBF =27°9’ 


= 54°18’ to 2 rt., 
therefore also, on the circle about right triangle BCL, 


arc CL =54°18’ 
and, by subtraction from the semicircle, 
arc BL =125°42’. 


And therefore 
chord CL =54?46’, 
chord BL = 106°47’ 
where 
hypt. BC =120?. 
And so also 
CL =0°34’, 
bL=)F7' 
where 
BC = 1?15' 
and 
ecc. rad. CF =60?. 
And since 


sq. CF—sq. CL=sq. FL, 


FL >= 60°. 
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Also 
LM=BL, _ 
and Pal 
DM =2CL 
because y . 
BC=CD. 
And so also, by subtraction, ; 
| FM =58°53' 
and 
nd Ce any DM =1°8’. 
And ponspquentis rr 
hypt. DF = 58°54’. 
_ And therefore Pes 
‘DM —2P18" | 
wc Rees }: Jf 
DF = 120°; 


ar ge ‘on the circle about right triangle DFM, 
: arc DM = 2°42. 
And sovalso.| . 
RS | angle BFD=2-12' to 2 rt., 
and, by addition, NJ / 
jot angle EDF =56°30’ to 2 rt. 
And also | neal 
angle EDK = 18°30’ 
because by just so much, according to the observations, is the star west of the 
perigee at H—that is, west of 25° within the Scorpion; and 
angle EDK =37° to 2 rt. 
And therefore, by addition, 
anes FDK =93°30' to 2 rt.; 
and, on the circle about right triangle DFN, _« 
arc FN = 93°30’. 
And therefore Aare fe 
chord FN =87°25’ 


where 
FD=120°. 
But Ae 
FN = 42°54’ 
where 
DF = 58°54’, 


that is, where a va 

epic. rad. FAK =43°10’ [p. 316]. 
And so also De i tna 

FN =119718’ 

where AS 

hypt. FK =120?; 

and, on the circle about right triangle FKN, 

are FN =167°38’. 

And therefore A 4 

angle DK F = 167°38’ to 2 rt. 
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just as it is supposed 
angle FDK =93°30’ to 2 rt.; 
and, by addition, Sdetectyedll, 
angle GFK = 261°8’ to 2 rt. 
And it was also proved that 
angle BED = 2512’ to 2 rt., 
that is, that 
angle GFH = 2°12’ to 2 rt. 
And therefore, by subtraction, 
angle HFK =258°56’ to 2 rt. 
= 129°28’. 

Therefore, Venus at the stated time was 129°28’ west of the epicycle’s apogee 
H; and, by subtraction from the circle, 230°32’ east of it according to the move- 
ment consequent upon the hypothesis. Which it was required to find. 

Of the old observation’s, we took one which Timocharis records thus: In the 
year 13 of Philadelphus, Egyptianwise Mesore 17-18 at the twelfth hour, Venus 
appeared to have exactly overtaken the star opposite Vindemiatrix. And this 
star, according to us, is beyond the star on the tip of the Virgin’s southern wing, 
and, in the year 1 of Antonine, was 814° within the Virgin. Since, then, the year 
of the observation is the year 406 of Nabonassar, and since the beginning of the 
reign of Antonine is the year 884, (so as to add on very nearly a 414° move- 
ment of the fixed stars and apogees for the 408 intervening years) it is evident 
that Venus was 41° within the Virgin, and the eccentric’s perigee (20+14+14 
+{9)° within the Scorpion. And at this time Venus had passed its greatest 
morning elongation. For 4 days after this observation, Mesore 21-22, from what 

" ; Timocharis says, Venus 
was, by our starting points, 

(8+144+4)° within the 

Virgin, while thesun’smean 
position at the first obser- 
vation was 17°3’ within the 
Balance, and at the second 
20°59’ within the Balance. 
And so theelongation of the 
first observation comes to 
42°53’, and of the second 
to 42°9’. 
Then, with these things 
given, let'a similar figure be 
again set out, but having 
the epicycle to the west of 
the perigee because of the 
epicycle’s mean position’s 
being 17°3’ within the 

Balance and the eccen- 

tric’s perigee’s being 

20°55’ within the: Scor- 
pion. 
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Since, then, for this reason 
angle EBF =33°52’ 
= 67°44’ to2rt., 
therefore, on the circle about right triangle BCL, 
are CL=67°44’, 
and, by subtraction from the semicircle, 
are Dike Po. 


And therefore 
chord CL = 66°52’, 
where chord BL= 99°38’ 
And so also hypt. BC = 120°. 
CL =0°42', 
where BL=1»2' 
and TO Ee 
And since ecc. rad. CF = 60°. 
in length sq. CF—sq. CL=sq. FL, 
FL=60?. 
And, for the same reason as before, 
and BL=LM 
And so, by subtraction, DM =2CL. 
FM = 58°58’, 
And consequently DM = 124’. 
— 4 
And therefore hypt. DF = 58°59". 
where DM = 2°51’ 
DF =120>- 


and, on the circle about right triangle FDM, 
arc DM =2°44’, 


angle BFD = 2°44’ to 2 rt. 


angle EDK =76°45' 
= 153°30' tert: 
which is the star’s distance west of the perigee. And so, by subtraction, 
angle FDK =83°2’ to 2 rt.; 
and, on the circle about right triangle DPN, 


And therefore EN GBS 2 7 
chord FN =79°33’ 


And so also 
And 


where 
But hypt. DF =120?. 
FN =389°7' 
where 
DF =58°59’, 


that is, where 
epic. rad. FK =43°10' [p. 316]. 
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And so also 
FN = 108°45’ 
where 
hypt. FAK =120°; 
and, on the circle about right triangle FKN, 
are FN = 130°. 
And therefore 
angle DKF = 130° to 2 rt. 
just as it is supposed 
angle FDK =83°2’ to 2 rt., 
and, by addition, 
angle HFK =213°2’ to 2 rt. 
And it was also proved that 
angle BFD = 2°42’ to 2 rt., 
that is, that 
angle GF H = 2°42’ to 2 rt. 
And therefore, by addition, 
angle GFK =215°46’ to 2 rt. 
= 107°53’. 

And therefore at that time Venus was, by subtraction from the whole circle, 
252°7’ east of the epicycle’s apogee at G. Which was to be proved. 

Since, then, at the time of our own observation, it was likewise 230°32’ from 
the epicycle’s apogee, and since the time from one observation to the other em- 
braces 409 Egyptian years and very nearly 167 days, and 255 complete returns 
in anomaly (for with 8 Egyptian years making very nearly 5 cycles, 408 years 
add up to 255 cycles, and the year left over taken with the days does not fill out 
the time of one return), it is evident to us that, in 409 Egyptian years and 167 
days, Venus added on, over and above the 255 complete returns in anomaly, 
338°25’ on the epicycle, by which amount its position at our observation ex- 
ceeded that of the earlier one. Just about that number of degrees turn up in the 
tables of mean movement established by us, because the correction of them 
was made from the cyclic surplus we have just found, the time being reduced to 
days and the returns together with the surplus to degrees. For when the number 
of degrees has been divided over the number of days, there results the daily 
mean movement in anomaly we have already set forth. - 


5. On THE Epocs or its Perropic MovEMENTS 


Since it remains now to establish the epochs of its periodic movements at the 
year 1 of Nabonassar’s reign, Egyptianwise Thoth 1 at noon, we again took the 
time from this date to the older of the observations. And it comes to 475 Egyp- 
tian years and very nearly 346+14+4 days. According to the columns of anom- 
aly, the surplus of mean movement corresponding to this amount of time is very 
nearly 181°. If we subtract this from the 252°7’ at the observation, we shall have 
the epoch at the year 1 of Nabonassar, Egyptianwise Thoth 1 at noon; 71°7’ 
from the epicycle’s apogee for anomaly, with the mean position in longitude 
again supposed the same as the sun’s—that is, 45’ within the Fishes. It is evi- 
dent that, since at the observation the apogee is about 20°55’ within the Bull, 
and since the intervening 476 years add on about (4+14+14)°, at the proposed 
time of the epoch the apogee will be about 16°10’ within the Bull. 
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6. PRELIMINARIES TO THE DEMONSTRATIONS CONCERNING THE OTHER STARS 


In the case of the two stars Mercury and Venus, we have used such methods 
as these for getting hold of the hypotheses and demonstrating the anomalies. In 
the case of the other three—Ma rs, Jupiter, and Saturn—we find the one and the 
same hypothesis as that apprehended for Venus; that is, the hypothesis ac- 
cording to which the eccentric circle the epicycle’s centre is always. borne on 
is described with its centre at the point bisecting the straight line between the 
centres of the ecliptic and of the circle effecting the epicycle’s uniform revo- 
lution. For in the case of each of these stars, the difference in general found at 
the point of greatest difference of zodiacal anomaly turns out to be’ very 
nearly double the difference. of the eccentricity calculated from the magnitude 
of the epicycle’s regressions at the greatest and least distances.1 And we find 
that demonstrations, by means of which we establish each of the magnitudes 
of the anomalies and of the apogees, cannot be worked out for these stars in 
the same way as for the other two, because they can be at any angular distance 
from the sun and because it is not evident from the observations—as in'the 
case of the greatest elongations of Mercury and Venus, when the star is at 
the point of contact of the straight line drawn from our eye tangent to the 
epicycle. Since, then, this method does not work here, we have used the. posi- 
tions observed when diametrically opposite the sun’s.mean position, and from 
these we show the ratios of eccentricity and the apogees, since only in the 
positions so considered do we find the zodiacal anomaly set off by itself. For 
then there is no anomalistic difference with respect to the sun. 

For let ABC be the star’s eccentric circle on which the epicycle’ s conta is 
borne, and let it be about centre D. And 
let AC be the diameter through the apo- 
gee; and point & on it the ecliptic’s centre; 
and F the centre of the eccentric with re- 
spect to which the mean longitudinal] posi- 
tion of the epicycle is considered. With the 
epicycle GH KL described about B, let the 
straight lines FLBH and GBKEM be 
joined. 

I say, first, that when the star appears 
along the straight line EG through the 
epicycle’s centre B the sun’s mean posi- 
tion will always be in the same straight 
line: when the star is at G, it is in conjunc- 
tion with the sun’s mean position seen at 


1The eccentricity of the planets Mars, Jupiter, and Saturn is established by the seal of 
regressions in Book XII, where the angle of regression is computed for each planet at each of 
the three principal distances: mean, greatest, and least. The angle of regression obviously 
appears larger or smaller according as the star is closer or farther from the eye of the observer. 
It is therefore shown in Book XII that the assumption that the deferent’s centre lies ‘half 
way between the earth and the equant’s centre saves the appearances of the angles of re- 
gression. 

In the following chapters of this Book and of Book XI, this assumption concerning the 
position of the deferent’s centre is made without more ado, and this sentence is the lone refer- 
ence to the manner of its justification. For the demonstrations that follow are a, con- 
cerned with finding the centres of the equants. i 
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G, and when it is at K, it will be diametrically opposite the sun’s mean position 
seen at M. ; 

For since in the case of each of these stars the mean angular distances from 
the apogee both in longitude and in anomaly, when added together, give the 
mean passage of the sun from the same starting point; and since the angle at B 
embracing the star’s regular passage on its epicycle is always the difference be- 
tween the angle at centre F which embraces the star’s regular movement in 
longitude and the angle at H which embraces its apparent movement; therefore 
is it clear that, when the star is at point G, it will fall short of its return to apogee 
H by angle GBH, the angle which combined with angle AFB (that is, subtracted 
from it) gives angle AHG; the angle contained by the mean solar passage and the 
same as the star’s apparent passage. And it is clear that, when the star is at 
point A, again it will have moved on the epicycle through angle HBK which, 
added. to angle AFB, will equal the sun’s mean passage from apogee A. For the 
sun’s mean passage embraces the semicircle plus the difference between angle 
AFB and angle kK BL—that is, angle CEM, the angle vertical to the angle of the 
star’s apparent passage. 

For this reason, in the case of these con- 
figurations, the straight line drawn from 
the epicycle’s centre B to the star and that 
drawn from the point # at our eye to the 
sun’smean position fall both along the same 
straight line. And, in the case of all the 
other distances, they are directed to differ- 
ent points, but are always parallel to each 
other.! 

For if, at any position on the figure just 
given, we draw a straight line from B 
to the star—for example, BN, and another 
from £ to the sun’s mean position, for in- 
stance X—then, for the same reasons as 


1'There is a most important tacit assumption made here. In order for this theorem to apply, 
it is evident that we must assume that at least once in the past or future the sun, the mean 
sun, the earth, Mars (for example) and the centre of Mars’ epicycle have been, or will be, in 
a, straight line. Then, given the fact that the cycles of mean longitude plus the cycles of 
anomaly equal the cycles of the mean sun, it is proved here that those four points will always 
be in a straight line whenever three of them—Mars, the earth, and the mean sun—are in a 
straight line. 

Now, Ptolemy probably referred to just this assumption and the one discussed in the 
previous note when, in IX, 2, he said, ‘‘or if we are forced (2) to presuppose something with- 
out immediate foundation in the appearances, an apprehension gotten from continuous trial 
and adjustment.”’ This assumption becomes a necessity in the Copernican system where the 
outer planet’s epicycle becomes the circular orbit of the earth about the mean sun and the 
outer planet’s eccentric circle becomes the circular orbit of the outer planet’s mean longi- 
tudinal movement about the mean sun. Since, under the Copernican hypothesis, the earth 
continually: passes between the outer planet and the mean sun, and the centre of the outer 
planet's epicycle has under this hypothesis become the mean sun, it is obvious that there 
will be a time when the earth, the planet, and the mean sun will be in a straight line; and 
that will be precisely when the planet is nearest the earth—that is, in the Ptolemaic system 
at the apparent perigee of its epicycle. Hence the above assumption of Ptolemy points almost 
by an inner necessity to a heliocentric theory. In Book I of this treatise Ptolemy asserts, it 
must be remembered, that the heliocentric hypothesis is simpler. 


324 PTOLEMY 
just given, 

angle AEX =angle AFH+angle NBH 
and 

angle AFH =angle AEG+angle GBH. 
By the subtraction of the common angle AEG, 

angle GE_X =angle GBN. 

Therefore, straight line EX is parallel to BN. 

Since, then, at the configurations of conjunctions and oppositions considered 
in relation to the sun’s mean position, we find the star to be seen in a line with 
the epicycle’s centre as if it had no movement whatsoever on the epicycle but 
had its position on the circle ABC and were revolved regularly by-the straight 
line FB in the same way as the epicycle’s centre, therefore it is clear that it 
will be possible by means of these positions to demonstrate the ratios of ec- 
centricity of zodiacal anomaly in themselves. But since the conjunctive con- 
figurations do not appear, it is clear that it remains only to get at the demon- 
strations by means of the oppositions. 


7. DEMONSTRATION OF Mars’ EccENTRICITY AND APOGEE 


Just as, in the case of the moon, we took the places and times of three eclipses 
at the full moon and demonstrated geometrically the ratio of anomaly and the 
place of the apogee, so here in the same way, having observed as accurately as 
possible with the astrolabe the places of three acronychal oppositions with re- 
spect to the sun’s mean position for each of the three stars, and having calcu- 
lated beforehand to a fine degree of angular distance the time and place of the 
sun’s mean positions at the observations, we show from these things the ratio 
of eccentricity and the apogee. 

In the first place, therefore, we took three oppositions of Mars: the first of 
which we observed in the year 15 of Hadrian, Egyptianwise Tybi 26-27, 1 equa- 
torial hour after midnight, about 21° within the Twins; the second in the year 19 
of Hadrian, Egyptianwise Pharmouthi 6-7, 3 hours before midnight, about 
28°50’ within the Lion; and the third in the year 2 of Antonine, Egyptianwise 
Epiphi 12-13, 2 equatorial hours before midnight, about 2°34’ within the Archer. 
Now, the time of the interval from the first opposition to the second embraces 4 
Egyptian years, 69 days, and 20 equatorial hours; and from the second to the 
third, likewise, 4 years, 96 days, and 1 equatorial hour. From the first interval of 
time there adds up 81°44’ in longitudinal movement, over and above complete 
circles; and from the second, 95°28’. For there will he no appreciable difference 
even if we calculate the mean movements for this amount of time from the peri- 
odic returns set out in the rough. And it is clear that, for the first interval, the 
apparent star has moved 67°50’ over and above complete circles, and, for the 
second, 93°44’. 

Then let three equal circles be described in the plane of the a Let ABC 
about centre D be the one bearing the epicycle’s centre; EFG about. centre H 
the eccentric of regular movement; KLM about centre N , concentric with the 
ecliptic; and let the straight line KOPR be the diameter through all the centres. 
Moreover, let A be supposed the point where the epicycle’s centre was at the 
first opposition, B where it was at the second, and C where it was at the third. 
And let HAE, HBF, HGC, NKA, NLB, and NCM be joined, so that are EF of 
the eccentric is the 81°44’ of the first periodic angular distance, and arc FG the 
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95°28’ of the second; and again so that are KL of the ecliptic is the 67°60’ of the 
first apparent angular distance, and arc LA the 93°44’ of the second. 

If, then, the eccentric’s arcs EF and FG were subtended by the ecliptic’s arcs 
KL and LM, we should need nothing more for the demonstration of the eccen- 
tricity. But since they subtend arcs AB and BC of the middle eccentric which 
are not given, and since, if we join NSE, NTF, and NGU, again arcs ST and TU 
of the ecliptic (clearly not given) subtend ares EF and FG of the eccentric, it 
will be necessary, first, that the differences KS, LT, and MU be given, in order 
for the ratio of eccentricity to be accurately demonstrated from the correspond- 
ing arcs EF, FG and ST, TU. But since it is not possible to get these accurately 
prior to the ratio of eccentricity and the apogee—and yet since they will be 
given approximately, even if not accurately given before, because the differences 
are not great—vwe shall first make our calculation as if the ares ST, TU did not 
differ appreciably from ares KL, LM. 

For let ABC be the eccentric circle of Mars’ regular passage [the equant], and 
let A be supposed the point of the first opposition, B of the second, and C of 
the third. Within this circle let D be taken as the centre of the ecliptic where 
our eye is; and let all the straight lines be joined from the three opposition 
points to the eye—in this case AD, BD, and CD. And let one of the three 
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straight lines that have been joined be 
produced to the opposite arc of the ec- 
centric, as here CDE; and let a straight 
line join the other two opposition 
points, as here AB. Then, from the re- 
sulting intersection of the eccentric 
with the straight line produced in (say 
E), let straight lines be joined to the 
other two opposition points, as here 
EA and EB; and from the same point 
E let perpendiculars be drawn to the 
straight lines joining the aforesaid two 
points and the ecliptic’s centre, as here 
EF perpendicular to AD and EG to BD. 
Yet again, from either of the aforesaid 
two points, let a perpendicular be 
drawn to the straight line joining the 


other of the two points to the extra point produced on the eccentric, in this 
instance AH from A perpendicular to the straight line BE. 

Now, no matter how we go about these things in this drawing, we shall find 
the same ratios borne in the numbers; and the rest of the proof from the arcs 


given for Mars will be evident in this way. 


For since the eccentric’s arc BC is assumed to subtend 93°44’ on the ecliptic, 


therefore 
v angle BDC = 93°44’ 
= 187°28’ tor? rt., 


angle BDC being at the ecliptic’s centre; and, as its supplement; 


angle HDG = 172°32’ to 2 rt. 
And so also, on the circle about right triangle DEG, 
arc EG = 172°32’, . 
and 
chord EG =119°45’ 
where 
hypt. DE =120?. 
Likewise, since 
arc BC = 95°28’, 
therefore, being an angle at the circumference, 
angle BEC = 95°28’ to 2 rt. 
And 
angle BDE = 172°32’ to 2 rt.; 
therefore, by subtraction, ; 
angle EBG =92° to 2 rt. 
And so also, on the circle about right triangle BEG, 
are EG=92°, 
and 
chord EG =86?19’ 
where 
hypt. BE = 120°. 
And therefore 
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BE =166"29’ 
where it was proved 
EG =119°45’ 
and 
DE= 120°. 


Again, since the whole arc ABC of the eccentric is assumed to subtend on the 
ecliptic 161°34’, the sum of both intervals, therefore 
angle ADC = 161°34’, 
and, by subtraction, \ 
angle ADE = 18°26’ 
= 36°52! to 2 rt. 
And so also, on the circle about right triangle DEF, 
are EF =36°52’, 
and 
chord EF =37°57’ 
where 
hypt. DE =120°. 
Likewise, since 
arc ABC =177°12’, 
ABC being an arc on the eccentric, therefore 
angle AEC =177°12’ to 2 rt. 
And we saw 
angle ADE =36°52’ to 2 rt. 
Therefore, by subtraction, 
angle DAE = 145°56’ to 2 rt. 
And so also, on the circle about right triangle AEF, 
arc HF = 145°56’, 
and 
chord EF = 114°44’ 
where ; 
hypt. AH =120?. 
And therefore 


AE =39"42' 
where it was proved 
EF =37°57’' 
and 
ED =120?. 
Again, since 


arc AB=81°44’, 
AB being an arc on the eccentric, therefore 
angle AH B=81°44’ to 2 rt. 
And so also, on the circle about right triangle AEH, 
arc AH =81°44’ 
and, by subtraction from the semicircle, 
arc EH =98°16’. 
And therefore 
chord AH =7831’, 
chord HH =90?45’ 
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where 
hypt. AE =120?. 
And so 
AER 25°56", 
EH =30?2’ 
where it was proved 
AE =39?42’ 
supposing 
ED = 120°. 


And it was also proved, with the same parts, that 
whole BE = 166°29’; 
and therefore, by subtraction, 
BH = 136°27’ 
where 
AH =25°58'._ 
And 
sq. BH = 18,615°16’ 
and likewise 
sq. AH =674?16’, 
which added together make 
sq. AB = 19,28932'; 
in length, therefore, 


AB =138°53’, 
AE =39°42’, 
where 
DE = 120°. 
And 
AB=7831’ 
where 


ecc. diam. = 120?;. 
for AB subtends an are of 81°44’. And therefore 


DE = 67°50’, 
Ae = 220044’ 
where 
AB=78°31’ 
and 


ecc. diam. = 120°. 
And so also, AE being an arc on the eccentric, 
arc AH =21°41’ 
and, by addition, 
arc HA BC = 198°53’, 
and, by subtraction, 
arc CH =161°7’. 
And 
chord CDE = 118°22’ 
where 
ecc. diam. = 120°. 
If, then, the straight line CE had been found equal to the eccentric’s diameter, 


THE ALMAGEST, X 329 


it is clear that the eccentric’s centre 
would be on it, and the ratio of eccen- 
tricity would be immediately apparent. 
But since it has not come out equal, 
and has made segment HABC greater 
than a semicircle, it is evident that the 
eccentric’s centie will fall on that side. 
Then let it be supposed the point K, 
and let the diameter LK DM through 
both centres be drawn through K and 
D; and from K let KNX be drawn per- 
pendicular to CE. 
Since, then, it was shown 
CE = 11822’, 
DE =67°50' |’ 


where 

diam. LM =120?, 
therefore also, by subtraction, 
CD = 5032’. \ 


And so, since 


rect. ED, DC =rect. LD, DM, 
we shall find 
rect. LD, DM =3,427?51'. 
But also . 
rect. LD, DM-+sq. DK =sq. LK 
which is the square on half the whole diameter. Therefore, if we subtract from 
the 3,600" of the square on LK the 3,427°51’ of the rectangle LD, DM, then we 
shall have left the 172°9’ of the square on DK. And therefore’ we shall have in 
length 
1. btw. ec. DK =13°7’ 

where 

ecec. rad. LK =60?. 

Again, since 
half CE or CN =59?11’, 
and it was proved 
DC = 50°32’ 

where 

diam. LM =120?, 
therefore, by subtraction, 


DN = 8°39’ 
where it was found 
Dik =t3e7 
And so also 
DN =79°8' 
where 


hypt. DK = 120?; 
and, on the circle about right triangle DKN, 

arc DN = 82°30. 
Therefore also | 
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angle DKN = 82°30’ to 2 rt. — 
41° 154 
And since it is at the eecentric’s centre, we shall have 
are MX =41°15’. | 
And also, by addition, 
are CMX =half arc CX E =80°34’. 
Therefore also, by shaper. 
are CM =39°19’ 
where CM is the arc traith the third opposition to. the perigee. And it is ont 
that, since it was assumed 
are BC = 95°28’, 
by subtraction, 
are BL = 45°13’ ) 
where LB is the are from the apogee to the second ppositipn; and that, since 
it was assumed ’ 
arc AB=81°44’, 
therefore, by subtraction, 
| are AL=36°31’ 
where CL is the arc from the first opposition to the apogee. 
Now, with these things assumed, let us find out in the following way what 
differences they yield at each opopsition for the required arcs of the ecliptic. 
From the figure of the three oppositions given above [p. 325], let the drawing 
of the first opposition alone be laid 
out. And after AD has been joined, let 
DV and NY be drawn from points D 
and N perpendicular to AH produced. 
Since, then, 
arc EX =36°31’, 
therefore 
angle HHX =36°31’, 
and, being the angle vertical to it, 
angle DAV =73°2 to 2a 
And so also, on the circle about right 
triangle DHV, | 
are DV. =73°2', 
and, by subtraction from the semi- 
circle, 
arc HV =106°58’. 
And therefore 
chord DV =71°25’ 
chord HV =96°27’ 


where 
And so also hypt. wins = 120°. 
DY aot 
EV =35P 16’ 
where 
DH = 6°33)4’ 
and 


ecc. rad. AD =60?. 
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And since . 
sq. AD—sq. DV =sq. AV, 
therefore, in length, 


AV =59?52’; 
and since 
= VRP, 
therefore, by addition, , 
AY =65°8' 
where, since : 
NPY =2DY , 
NY =7°48', 


And consequently 
hypt. AN =65°36’. 
And therefore 
NY =14°16' 
where 
AN =120?; 
and, on the circle about right triangle ANY, 
are NY = 13°40’. 
And so also 
angle NAY = 13°40’ to 2 rt. 
Again, since it was shown | 
NY =7°48', 
H'¥ = 10°32! 
where 
ece. rad. HH =60?, 
therefore, by addition, ; 
EH Y =70°32’ 
and consequently 
hypt. EN S71. 
And therefore 
_ NY =13°10' 
where . 
EN = 120°; 


and, on the circle about right triangle EN Y, 


: And so also 


| 


are. NY = 12°36’. 


angie NEY =12°36’ to 2 rt. 
But 

angle VAY =13°40’ to 2 rt.; 
and therefore, by subtraction, 

angle ANH =1°4’ to 2 rt. 
= 32’. 
Therefore on the ecliptic 
arc KS =32’. 
Then let there be laid out the similar figure containing the drawing of the 
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second opposition. Since it is assumed 
arc PA =45' 13", 
therefore 
angle FHX = 45°13’, 
and, being the angle vertical to it, 
angle DHV =90°26’ to 2 rt. 
And so also, on the circle about right 
triangle DHV, 
“are DV =90°20’, 
and, by subtraction from the semi- 
circle, 
are HV =89°34’. 
And therefore 
chord DV =85°10’, 
chord HV = 84°32’ 
where 
hypt. DH = 120°. 
And so also 


DV =4°39’, 
HV =4238’ 
where 
DH =6°3314' 
and 
ecc. rad. BD =60?. 
And since 


sq. BD—sq. DV =sq. BV, 
therefore, in length, a q q 


BV =59?49’; 
and, because 
i VY =H), 
therefore, by addition, 
BY =64°27' 
where, since 
NY=2DYV, 
NY =9?18’. 
And consequently, also, 
hypt. BN =69°6’. 
And therefore 
NY =17°9' 
where 
BN = 120°; 


and, on the circle about right triangle BN Y, 
~ are NY = 16°26’. 
And so also 
angle NBY = 16°26’ to 2 rt. 
Again, since it was proved . 
NY =9°18’, 
HY=9°16' 
where 
ecc. rad. FH =60?, 
therefore, by addition, 


| 
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FHY =69°16’ 
and consequently 
hypt. FN =69°52’. 
NY = 16" 


hypt. FN =120?; 
and, on the circle about right triangle FN Y, 

arc WY =.15°20’. 
And so also 


angle NF Y = 15°20’ to 2 rt. 
But 


angle NBY = 16°26’ to 2 rt. 
And therefore, by subtraction, 
angle BNF =1°6’ to 2 rt. 
= 33’. 


And therefore 


where 


Therefore on the ecliptic 
are KS =33’. 

Since, then, at the first opposition we found arc KS to be 32’, it is clear that 
the first interval of the apparent movement considered with respect to the ec- 
centric will be greater by the segments of both arcs, 1°5’, and will contain 68°55’. 

Then let the drawing of the third opposition be laid out. Since then it is sup- 
posed 


are GP =39°19’, | \ 


therefore 
angle GPH =39°19’ 
= 78°38’ to 2 rt. 

And so also, on the circle about right tri- 
angle DHV, 

arc DV =78°38’, 
and, by subtraction from the semicircle, 

arc HV =101°22’. 
And therefore 

chord DV =76°2’, 

chord HV =92°50’ 


where 
hypt. DH = 120°. 
And so also R 

DV =4?9’, 

HV =5?4’ 
where 

1. btw. c. DH =6°3314’, 
and 
ecc. rad. CD=60?. 
And since 
sq. CD—sq. DV =sq. CV, 
therefore 
CV =59°51’; 
and, because 
HV=VY, 
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by subtraction 
CY = 54°47’ 
where, since 
NY =2D7 , 
NY =8718’. 


hypt. CA = 50°29’. 


And consequently also 
And therefore 
NY 17°50" 


CN = 120°; 
and, on the circle about right triangle CNY, , 
| arc WY =17" 14s 


angle NCY =17°14’ to 2 rt. 
Again, since it was shown 


where 


And so also 


NY =8?18’, 
HY = 10°98 


ecc. rad. GH =60?, 


where 


therefore, by subtraction, 
GY = 49°52’, 
and therefore also 
hypt. GN = 50°33’. 


NY =19?42’ 


And therefore 


where F 
i GN = 120°; 
and, on the circle about right triangle GN Y, 
ero =118°54’. 
And so also . 


angle NGY =18°54’ to 2 rt., 
and it was proved 

angle NCY =17°14’ to 2 rt. 
Therefore, by subtraction, 

‘angle CNG =1°40’ to 2 rt. 

= 50’. 
Thereforealso on the ecliptic 
arc MU =50'. 

Since, than atthe second opposition, we found the arc LT to be 33’, it is clear 
that ae second interval of the apparent movement, considered with respect to 
the eccentric, will be less by the segments of both ares, 1°23’, and will contain 
92°21’. 

With these arcs of the ecliptic calculated for the two intervals, we again gO 
through the theorem for demonstrating the apogee and the ratio of eccentricity, 
and find (not to make this treatise too long by repition) 

1. btw. c. DK! = 11°50’ 


1DK here refers to the fourth figure back. It is the distance between the ecliptic’s centre 
or the earth and the equant’s centre. As it has been pointed out before, the deferent’s centre 
is assumed to be midway between the two, an assumption established and justified by the 
theory of regressions in Book XII. 
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where 
ecc. rad. = 60°; 


are CM = 45°33’, 
CM being the arc from the third opposition to the perigee. And again from this 
arc BL =38°59’, 
arc AL =42°45’. 
Likewise when we had used these numbers in the proofs of each opposition, we 
finally found the accurate’ magnitudes of each of the required arcs: 
arc KS =28’, 
arc LT = 28’, 
arc MU =30’. 
And putting together the differences at the first and second oppositions and 
adding the resulting 56’ to the 67°50’ of the first interval on the ecliptic, we had 
the distance of 68°46’ accurately considered with respect to the eccentric; and 
putting together those at the second and third oppositions and subtracting the 
resulting 1°8’ from the apparent 93°44’ of the second interval on the ecliptic, 
again we found the distance of 92°36’ accurately considered with respect to the 
eccentric. Finally from these results, using the same proof, we accurately ascer- 
tained the ratio of eccentricity and the apogee. 
And we found 


and, on the eccentric, 


1. btw. c. DK =12° 
ecc. rad. KL=60?; 


arc CM = 44°21’ 
from which, in turn, it results that 
arc BL=40°11', 
arc AL=41°33". 
By these same means we Shall also show that the observed apparent intervals 
of the three oppositions agree with these last magnitudes. 
For let there be set out the drawing of the first opposition, containing only 
the eccentric circle the epicycle’s cen- 


where 


and on the eccentric 


tre is always borne on [the deferent]. E 
Since then r 
angle AH KE =41°33’, 


and, being the angle vertical to it, 
angle DHV =83°6’ to 2 rt., 
therefore, on the circle about right 
triangle DHV, 
arc DV =83°6’ 
and, by subtraction from the semi- 
circle, 
arc HV =96°54’. 
And therefore , 
chord DV =79°35’, 
chord HV =89°50’ 
where 
bypt. DH =120?. F 
And so also | 
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DV =3°5814/, 


HV =4°30' 
where 
DH =6», 
and 
AD =60?. 
And since 


sq. AD—sq. DV =sq. AV, 
therefore, in length, 


AV =59°50’. 

Again, since 
HV=VY 

and 

NGeZby, 
we shall have, by addition, 

AY =64°20’ 
where 

NY =7°57') 


And consequently also 
hypt. AN =64°52’, 
And so also 
NY = 14744’ 
where 
AN =120?; 
and, on the circle about right triangle ANY, 
arc NY =14°6, 
and therefore 
angle NAY = 14°6’ to 2 rt. 
= 7°’. 
But 
angle AH E =41°33’, 
and therefore, by subtraction, being the angle of apparent passage, 
angle ANE =34°30', 
and by this amount is the star west of the apogee at the first opposition. 
Again let a similar drawing of the second opposition be set out. Since, then, 
being the angle of the epicycle’s mean passage 
angle BHE =40°11’, 
and, being the angle vertical to it, 
angle NH Y=80°22’ to 2 rt., 
therefore, on the circle about right triangle DHV, 
arc DV =80°22’ 
and, by subtraction from the semicircle, 
arc HV =99°38’. 
And therefore 
chord DV =77°26’, 
chord HV =91°41’ 
where 
hypt. DH =120?. 
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And also 
DV =B"52’, 
HV =4P35' B 
where 
; DH =6? 
and 
hypt. BD=60?. 
And since 
sq. BD—sq. DV =sq. BV, 
therefore, in length, 


BV = 59°53’. 
And in the same way, since 
HV=VY 
and 
NY SOD, 
therefore, by addition . 
BY = 64°28’ 
where 


NY =7°44’, 
And consequently 
hypt. BN =64°56’. 
And therefore 
NY = 14°19’ 
where 
hypt. BN =120?; 
and, on the circle about right triangle BN Y, 
anew WF 118742). 
And so also 
angle NBY =13°42’ to 2 rt. 
= 6°51’: 
And 
angle BHE =40°11’. 
Therefore, by subtraction, being the angle of apparent passage, 
angle BNE =33°20’. 
By this distance the star hence appeared east of the apogee at the second opposi- 
tion. It had already been proved 34°30’ west of the apogee at the first opposition; 
therefore the whole interval from the first to the second opposition comes to 
67°50’, in agreement with the amount gotten by the observations. 
Then let the drawing of the third opposition be set out in the same way. Since 
in this case, being the angle of the epicycle’s regular passage, 
angle CHF = 44°21’ 
= 88°42’ to 2 rt., 
therefore, on the circle about right triangle DHV, 
arc DV =88°42’ 
and, by subtraction from the semicircle, 
arc HV =91°18’. 
And therefore 
chord DV =83°53’, 


338 PTOLEMY 


chord HV =85»49’ E 

where 
: hypt. Dif = 120°. 
And so also | 
DV =471114', 
HV =4?17’ 
where 
AD=6? 
and 


ecc. rad. CD =60?. 
And since 
‘. sq. CD—sq. DV =sq. CV, 
we shall have, in length, 


CV =59P51’. 
And again, since 7 
HV=VY F 
and 
NY=2DV, 

we shall have, by subtraction, 
CY = 55°34’ 

where 
NY =8°23’. 


And consequently we shall have 

hypt. CN =56?12’. 

And therefore 
NY =17°55' 
where 
hypt. CN =120?; 
and, on the circle about right triangle CNY, 
arc NY¥=17°10'. 
And so also 
angle HCN =17°10’ to 2 rt. 
= 8°35’. 

But 

angle CHF =44°21’; 
and therefore, by addition, 

angle CN F = 52°56’. 
At the third opposition, therefore, the star appeared west of the perigee by just 
that much. And therefore, by subtraction, the resulting 93°44’ from the second 
to the third opposition was found to agree with the amount observed in the 
second interval. It is also clear that, when the star, sighted along the straight 
line CN, was according to observation 2°34’ within the Archer and angle CN F at 
the ecliptic’s centre was proved to be 52°56’, then the perigee of eccentricity at 
point F was 25°30’ within the Goat, and the apogee diametrically opposite 
25°30’ was within the Crab. 

Also, if we describe the epicycle of Mars about centre C and produce straight 

line CN, we shall have the epicycle’s mean passage of 135°39’ from the eccen- 
tric’s apogee at the time of the third opposition; for it was proved 
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angle CHF = 44°21’ 
which is the remainder of the 
semicircle. And we shall have 
arc KM = 171°25! 
which is the star’s mean pass- 
age from the epicycle’s apogee 
M'; because it was proved 
angle HCN =8°35’, 
HCN being an angle at. the epi- 
cycle’s centre; because 
are i= 8°35’, 
| RB being the arc from’ the star 
' K tothe perigee ZL; and be- 
cause, therefore, the arc from 
apogee M to star K is 171°25’ 
as proposed. 

With the other results it is 
now clear to us that, at the 
time of the third opposition— 

that is, in the year 2 of Antonine, Egyptianwise Epiphi 12-13, 2 equatorial 
hours before midnight— Mars was 135°39’ in mean longitude from the eccen- 
tric’s apogee, and 171°25’ in anomaly from the epicycle’s on Which 
things it was required to prove. 


8. DEMONSTRATION OF THE MAGNITUDE OF Mars’ EPICYCLE 


Since the next thing was to demonstrate the ratio of the epicycle’s magnitude, 
we took for this purpose an observation which we made very nearly 3 days after 
the third opposition (that is, in the year 2 of Antonine, Egyptianwise month 15-16, 
3 equatorial hours before midnight), for the point on the astrolabe 20° within the 
Balance was culminating and the sun was then according to its mean passage 
5°27’ within the Twins. In comparison with the point corresponding to Spica 
and sighted with its position, Mars appeared to be 13¢° within the Archer, and 
at the same time appeared to be equally 13¢° east of the moon’s centre. The 
moon’s mean position was then about 4°20’ within the Archer; and its true one 
was 29°20’ within the Scorpion, since in anomaly the moon was 92° from the 
epicycle’s apogee. And the apparent moon was at the beginning of the Archer 
so that, consequently, Mars was then consistently, just as sighted, 1°36’ within 
the Archer—and, of course, 53°54’ west of the perigee. From the time of the 
third opposition to that of this observation there is contained 1°32’ in longi- 
tude, and very nearly 1°21’ in anomaly. And if we add these to the positions 
already demonstrated for the third opposition, we shall have Mars, at the time 
of this observation, in longitude 137°11’ from the eccentric’s apogee, and in 
anomaly 172°46’ from the epicycle’s apogee. 

With these things assumed, about centre D and diameter ADC let there be 
the eccentric circle ABC peitiek the epicycle’s centre. And on the diam- 
eter let E be supposed the ecliptic’s centre, and F the centre of the greater 

1The star at K is, of course, at the apparent perigee. L and M are, respectively, the regular 


perigee and regular apogee, but in planetary theory they are often referred to simply as the 
perigee and apogee of the planet’s epicycle. 
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eccentricity. And 
with epicycle GHK 
described about B, 
let FKBG, EHB, 
and DB be drawn 
through, and let EL 
and DM be drawn 
from points D and 
E perpendicular to 
FB. Let the star be 
supposed at point 
N on the epicycle; 
and, with EN and 
BN joined, let BX 
be drawn from B 
perpendicular to 
EN produced. 
Since, then, the 
star is 137°11’ from 
the eccentric’s apo- 
gee so that 
angle BFC = 42°49’ 
=—§5 oo to 2 rt., 


therefore, on the circle about right triangle DFM, 
arc DM =85°38' 
and, by subtraction from the semicircle, 
n are FM =94°22’. 
And therefore 
chord DM =81°34’, 
chord FM =88?1’ 


where 
hypt. DF = 120°. 
And so also | 
DM =4°5', 
FM =4P24’ 
where 
l. btw. c. DF: =6" 
and , 
ecc. rad. BD =60?. 
And since 
sq. BD—sq. DM =sq. BM, 
therefore 
BM =59°52’. 
And likewise, since 
FM=LM 


and 
EL=2 DM, 


I A 


THE ALMAGEST, X 341 


therefore, by subtraction, 
BL= 55°28’, 
EL=8°10’. 
And consequently 
hypt. BE =56°4’. 
And therefore 
EL= 17°28’ 
where 
BE=120?; 
and, on the circle about right triangle BEL, 
arc EL=16°44’. 
And so also 
angle HBF = 16°44’ to 2 rt. 
Again, since it is supposed 
angle CEX =53°54’, 
= 107°48’ to 2 rt., 
the angle by which Mars appeared west of the perigee C, and since 
angle BEC =102°22’ to 2 rt. 
(because 
angle BEC =angle EBF+angle BFC, 
it having been proved 
angle EBF = 16°42’ to 2 rt. 
and assumed 
angle BFC =85°38’ to 2 rt.), 
therefore, by subtraction, 
angle BEX =5°26’ to 2 rt. 
And, on the circle about right triangle BEX, 
arc BX = 5°26’. 
And consequently 
chord BX = 5°41’ 
where 
hypt. BE = 120°. 
And therefore 
BX = 2°39’ 
where it was proved 
BE =56°4’ 
and 
ecc. rad. = 60°. 


Likewise, since the point N was 172°46’ from G the epicycle’s apogee, and 
7°14’ from K the perigee, therefore 
angle KBN =7°14’ 
= 14°28’ to. 2 rt. 
And 
angle HBK = 16°44’ to 2 rt.; 
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and therefore, by subtraction, : 
angle HBN =2°16’ to 2 rt. 
and, by addition, : 
angle BNX =7°42’ to 2 rt. 
And so also, on the circle about right triangle BV X, 
aye BX =7°42’, 


and 

chord BX =83’ 
where 

hypt. BN =120?. 

And therefore 
epic. rad. BN =39°30’ 
where 
BX =2°39/ 

and 


ecc. rad. =60?. 
Therefore, the ratio of the eccentric’s radius to the epicycle’s radius is 60” to 
39°30’. Which it was required to find. 


9. On THE CoRRECTION oF Mars’ Periopic Movements 


For the correction of the periodic mean movements we took one of the old ob- 
servations according to which it is quite clear that in the year 13 according to 
Dionysius, Aigon 25 in the morning, Mars seemed to occult the Scorpion’s 
northern forehead. Now, the date of this observation is the year 42 after the 
death of Alexander (that is, the year 476 of Nabonassar, Egyptianwise Athyr 
20-21 in the morning) at which times we find the sun, in its mean passage, 23°54’ 
within the Goat. According to us, the star of the Scorpion’s northern forehead 
was observed to be 614° within the Scorpion. And so, again, since the 409 years 
from the observation to the reign of Antonine makes very nearly a 4°5’ change in 
the fixed stars and since then, at the time of the observation, this fixed star must 
have been 214° within the Scorpion, clearly Mars must have been in the same 
position. And likewise, since for us—that is, at the beginning of the reign of 
Antonine—Mars’ apogee was 25°30’ within the Crab, at the observation it must 
have been 21°25’ within the Crab. And it is clear that the apparent star was then 
100°50’ from the apogee; the mean sun 182°29’ from the same apogee, and of 
course 2°29’ from the perigee. 

With these things assumed, about centre D and diameter ADC let ABC be the 
eccentric circle bearing the epicycle’s centre. On the diameter let H be supposed 
the ecliptic’s centre; and F the centre of the greater eccentricity [of the equant]. 
With the epicycle GH described about centre B, let FBG and DB be drawn 
through, and let FK be drawn from F perpendicular to the straight line DB. Let 
the star be supposed at point H on the epicycle; and with BH joined, let EL be 
drawn from £ parallel to it. Clearly, from what we have already proved, the 
sun’s mean position will be seen along EZ. And with ZH joined, let DM and BN 
be drawn from D and B perpendicular to it; and again from D let DX be drawn 
perpendicular to BN, so that the figure DM NX turns out to be a right parallel- 
ogram. 


; 
: 
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Since, then, being the angle of the star’s apparent passage from the apogee, 
angle AEH =100°50’, 
and, being the angle of the sun’s mean passage, 
angle CEL =2°29’, 
therefore 
angle HEL=angle BHE =81°39’ 
= 163°18’ to 2 rt. 
And so also, on the circle about right triangle BHN, 
arc BN = 163°18’, 
and 
chord BN = 11843’ 
where 
hypt. BH =120?. 
And therefore . 
BN =39?3’ 
where 
epic. rad. BH =39°30’ 
and 
1. btw. c. DE=6?. 
Again, since 
angle AEH =100°50’ 
=201°40’ to 2 rt. 
and consequently, as its supplement, 
angle DEM =158°20’ to 2 rt., 
therefore, on the circle about right triangle DEM, 
arc DM = 158°20’, 
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and chord DM = 117°52’ 
where 
hypt. DE = 120°. 
And therefore, where 
DE=6" 
and it was shown 
BN =39°3’, 

and where 

ecc. rad. BD=60?, 
there 


DM =NX =5°54’ 
and, by subtraction, 


BX =33°9". 
And therefore also 
BX =66°18’ 
where 
hypt. BD=120°; 


and, on the circle about right triangle BDX, 
arc BX =67°4’. 
And so also 
angle BDX =67°4’ to 2 rt., 
and, by addition, 
angle BDM =247°4’ to 2 rt. 
And, because it was shown 
angle DEM = 158°20' to 2 rt., 
therefore 
angle EDM =21°40’ to 2 rt. 
And therefore, by subtraction, 
angle BDE = 225°24’ to 2 rt., 
and as its supplement 
angle BDA = 134°36’ to 2 rt. 
And so also, on the circle about right triangle DFK, 
are FK = 134°36’ 
and, by subtraction from the semicircle, 


are DK = 45°24’. 
And therefore 
chord FK =110°42’, 
chord DK = 46°18’ 
where 
hypt. DF = 120°. 
And therefore 
FK=5°32’, 
DK =2°19’ 
and, by subtraction, 
BK=57?41’ 
where 
DF=6" 
and 


ece. rad. DB=60?. 
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And consequently also 
hypt. BF = 57°57’. 
And therefore 

PK = 11°28’ 
where 

BF = 120°; 
and, on the circle about right triangle BAF, 

are FK = 10°58’. 


And so also 
angle DBF = 10°58’ to 2 rt. 
But also 
angle 4 BD = 134°360’ to 2 rt.; 
and therefore, by addition, 
angle AFB = 145°34’ to 2 rt. 
= TF°47". 


__ Therefore, at the time of this observation, the star’s mean longitudinal posi- 
| tion—that is, the epicycle’s centre B—was 72°47’ from the apogee, and con- 
sequently 4°12’ within the Balance. Since it is also supposed that 
angle CEL = 2°29’ 
| (which together with the semicircle of 2 right angles, ABC, is equal to the sum 
of AFB, the angle of mean longitude, and GBH, the angle of anomaly—that is, 
the star’s movement on the epicycle), we shall have, by subtraction, 
angle GBH = 109°42’. 
Therefore, at the time of the observation, the star was in anomaly that very 
109°42’ from the epicycle’s apogee. Which things it was required to find. 

And we had already proved that the star, at the time of the third opposition, 
Was in anomaly 171°235’ from the epicycle’s apogee. Therefore, in the time be- 
tween the observations (embracing 410 Egyptian years and very nearly 23134 
days) it added on, over and above the 192 complete circles, 61°43’. This is very 
“nearly the surplus we find in the tables of the star’s mean movements set up by 
“us, since we established the daily movement from these numbers, dividing the 

of the circles and surplus reduced to degrees over the total number of days 
the time between the two observations. 


10. On THE Epocs or irs Perropic MovEMENTS 


i Again, since the time from the year 1 of Nabonassar, Egyptianwise Thoth 1 
— to this observation is 475 Egyptian years and very nearly 79-+14+1¢ 
ays, and since that amount of time embraces 180°40’ surplus in longitude and 
42°20 surplus in anomaly, if we subtract them from each of the corresponding 
OSitions at the observation—that is, from the 4°12’ within the Balance in longi- 
| and from the 109°42’ in anomaly—we shall have the epoch of the periodic 
Movements of Mars in the vear | of Nabonassar, Egyptianwise Thoth 1 at noon: 
}) m longitude, 3°32' within the Ram; (2) in anomaly, 327°13’ from the epi- 
*3 apogee. And consequently, since in 475 years there comes to be a 
+46¢+)° shift in apogees, and since Mars’ apogee at the observation was 
rt 21°25’ within the Crab, it will evidently be, at the time of the epoch, 
0’ within the Crab. 


BOOK ELEVEN 


1. DEMONSTRATION OF JUPITER’S ECCENTRICITY 


Now that Mars’ periodic movements, anomalies, and epochs have been shown, 
we shall next work out Jupiter’s also, and in the same way, taking first again, 
for the demonstration of the apogee and eccentricity, 3 acronychal oppositions 
relative to the sun’s mean passage. We observed the first of these by the astro- 
labe in the year 17 of Hadrian, Egyptianwise Epiphi 1-2, 1 hour before midnight, 
about 23°11’ within the Scorpion. The second in the year 21, Phaophi 13-14, 
2 hours before midnight, about 7°54’ within the Fishes. And the third in the year 
1 of Antonine, Athyr 20-21, 5 hours after midnight, about 14°23’ within the 
Ram. Now, of the two intervals, that from the first acronychal opposition to the 
second embraces 3 Egyptian years, 106 days, and 23 hours, and 104°43’ of the 
star’s apparent passage; and that from the second to the third, 1 Egyptian year, 
37 days, and 7 hours, and similarly 36°29’. And the mean longitudinal passage 
comes to 99°55’ for the time of the first interval, and 33°26’ for that of the 
second. From these intervals, in consequence of the methods propounded by us 
in the case of Mars, we first construct the proof of the things we are required to 
find, again with the one eccentric circle, in this way: 

Let there be the eccentric circle ABC; and let A be supposed the point where 
the epicycle’s centre was at the first achronychal opposition, B at the second, 
and C at the third. Within the eccentric ABC let D be taken as the centre of the 
ecliptic; and let AD, BD, and CD be 
joined. And, with CDE produced, let AZ, 2 
BE, and AB be joined. Let EF and EG be 
drawn from £ perpendicular to AD and 
BD; and AH from A perpendicular to EB. 

Since, then, the eccentric’s arc BC is 
assumed to subtend 36°39’ of the ecliptic, A 

angle HDG=angle BDC 

= 36°29’ 

<7 2°581-toed rt) D 
angle BDC being at the centre. And so al- 
so, on the circle about right triangle EDG, 

are EG = 72°58’, 
and 
chord EG =7121’ Cc 

where 
hypt. DE = 120°. 

Likewise, since 

ard-BO=383 26’, 
therefore, being an angle at the circumference, 
angle BEC =33°26’ to 2 rt., 
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and, by subtraction, 
angle HBG =39°32’. 
And so also, on the circle about right triangle BEG, 
are HG =39°32’, 
and 
chord EG = 40°35’ 
| where 
hypt. BE = 120°. 
And therefore 


BE =210°?58’ 
where it was shown 
EG=71°21’ 
and 
DE= 120°. 


| 
| 
_ Again, since the eccentric’s whole arc ABC is assumed to subtend on the 
ecliptic 141°12’, the sum of both intervals; therefore, being at the ecliptic’s 
centre, 
| angle ADC’ = 141°12’ 
= 282°24' to 2 rt. 
| and, being adjacent to it, 
angle ADE =77°36’ to 2 rt. 
| And so also, on the circle about right triangle DEF, 
arc EF =77°36’, 
) and 
| chord EF =75?12’ 


where 
hypt. DE = 120°. 
Likewise, since the eccentric’s arc ABC adds up to 133°21’, therefore, being 
an angle at the circumference, 
angle AEC = 133°21’ to 2 rt. 
But 
angle ADE =77°36’ to 2 rt. 
| And therefore, by subtraction, 
angle HAF = 149°3’. 
| And so, on the circle about right triangle AEF, 
| are EF = 149°3’, 
and 
' chord HF = 115°39’ 
where 
| hypt. AH =120?. 
And therefore 


| AE =78°2! 
where it was shown 
EF =75°12' 
and it is supposed 
DE = 120°. 


Again, since the eccentric’s arc AB is 99°55’, therefore, being at the cir- 
cumference, 
angle AEB =99°55’. 


348 PTOLEMY 
And so, on the circle about right triangle AZZ, 
arc AH =99°55/ 
and as supplement 
arc EH =80°5’. 


chord AH =91°52’, 
chord EH =77°12’ 


And therefore 


where 
hypt. AF =120°. 
And so 
alt om AH =59°44’ 
and likewise 
EH = 50"12’ 
where it was shown 
AE =78°2’ 
and 
DE= 120°. 
It had already been shown 
BE=210°58’. 
And therefore, by subtraction, 
BH = 16046’ 
where 
AH = 59°44’, 
And 


sq. BH = 25,845°55’ 
sq. AH =3,568°4’, 


and likewise 


which, added together, make 
sq. AB =29,413°59’; 
in length, therefore, 


AB=171°"30’ 

where 

DE = 120?, 
and likewise 

AE =78»?2’, 

And also 

AB=91"52’ 

where 


ecc. diam. = 120°; 
for AB subtends an are of 99°55’. And therefore 


DE=64°17’, 

AE =41?47’ 
where 

AB=91°52’ 
and 


ecc. diam. = 120°. 
And so also, AE being an arc on the eccentric, 
arc AH =40°45’, 


are HABC=174°6’. 


and, by addition, 


And therefore 
chord HDC = 119°50’ 
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where 
ecc. diam. = 120°. 

Since, then, segment HABC is less than a semicircle, and therefore the ec- 
centric’s centre falls outside it, let it be supposed the point K. And let the diam- 
eter through both centres be drawn 
through it and D, and let KNX be drawn 
from K perpendicular to CE and pro- 
duced. 

Since, then, it was shown 

CE =119°50’, 
DE = 64°17’ 


L 


where 
diam. LM = 120°, 
therefore, by subtraction, we shall have 
CD = 96°88"; 
And so, since 
rect. ED, DC=rect. LD, DM, 
we shall have 
rect. LD, DM =3,570°56’ 

- where 


diam. LM =120°. 

But 
: rect. LD, DM+sq. DK =sq. half diam. 
: =sq. AL 
Therefore, if we subtract the rectangle LD, DM or 3,570°56’ from the square 

on half the diameter or 3,600", we shall have left the square on DK as 29°4’. 
: And therefore we shall have 
l. betw. c. DK = 5°23’ 


where 
ece. rad. KL=60?. 
Again, since 
half CE or CN =59°55/ 


diam. LM =120?, 
CD = 55°33’, 


where 


and it was shown also 


therefore also, by subtraction, 
| DN = 4922! 


_ where 

PR =5°Zs . 

| And so also 

; DN =97°20’ 
where 

. DK =120°; 


| and, on the circle about right triangle DKN, 
arc DN =108°24’. 
) And therefore 
angle DK N = 108°24’ to 2 rt. 
= 549124 
And since it is at the eccentric’s centre, we shall have also 
are MX = 54°12’. 
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And also, by addition, 
arc CM X =half are CX E=87°3’. 
Therefore also, by subtraction, 
are. CM =32°51' 
where CM is the arc from the perigee to the third opposition. And it is evident 
that, since it was assumed 
arc BC =33°26’, 
therefore we shall have, by subtraction 
are BM =0°35’ 
where BM is the arc from the second opposition to the perigee; and that, since 
it was assumed 
arc AB=99°53’, 
therefore we shall have, by subtraction, 
arc AL =79°30' 
where AL is the arc from the apogee to the first opposition. 

If, then, the epicycle’s centre were borne on this eccentric, it would suffice to 
use these quantities as precise. But since, according to the hypothesis, it moves 
on another circle—that is, on one drawn with a centre bisecting DK and with 
radius KL—it will again be necessary, as in the case of Mars, to calculate first 
the differences resulting for the apparent distances, and to show of what size 
they would be, considering the ratios of eccentricity very nearly the same as if 
the epicycle’s centre were borne, not on another eccentric, but on the first also 
embracing the zodiacal anomaly; that is, on the one. drawn about centre K. 

Then let the circle LA about centre D N 
be the eccentric bearing the epicycle’s 
centre. And let the circle NX about centre 
F and equal to LM be the circle of its reg- 
ular movement. With the diameter NUM 
through the centres joined, let Z be taken 
on it as the ecliptic’s centre. And first let 
the epicycle’s centre be supposed at point 
A for the first opposition. Let DA, EA, 
FAX, and EX be joined; and let DG and 
EH be drawn from points D and E per- 
pendicular to AF produced. 

Since, then, angle NFX of the regular 
longitudinal movement was shown to be 
79°30’, therefore, being the angle vertical 
te it, 


angle DFG =79°30' 
=150° to 2.1 
And so also, on the circle about right triangle DIG, 
are DG = 159° 
and, as its supplement, : 
are #G =a21 
And therefore 
chord DG =117°59’, 
chord FG =21°52’ 
where 
hypt. DF = 120°. 
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And so also 

DG= 2°39’ 
and likewise 

PE=030" 
where 

DF =half EF =2°42’ 
and 
= p 

ce ece. rad. AD =60°. 


sq. AD—sq. DG=sq. AG, 
therefore we shall have also 


= 59P56’ 
And likewise, since ies eee 
PrG=Gh 
and | 
mt =2 DG, 
therefore also, by addition, 
AH = 60°26’ 
- where 
EH = 5°18’, 


and therefore 


= 6§NP41)’ 
And therefore eye. 2 ae 
EH = 10°29’ 
where 
AE=120?; 
and, on the circle about right triangle AEH, 
are HH =10°1’. 
And so also 


angle HAH =10°1’ to 2 rt. 
Again, since 
rad. ecc. FX =60?, 


= ]|D 
and, by addition, clearly ibis | 
HX =61" 
where 
EH = 5°18’, 


therefore we shall have also 
hypt. EX =61°14’. 
And so also 


EHH = 10°23) 
where 


EX =i120°; 


and, on the circle about right triangle EHX, 


are HH =9°55’. 
And therefore 
angle EX H =9°55’ to 2 rt. 


angle EAH =10°1’ to 2 rt. 
And therefore, by subtraction, 
angle AEX =0°6’ to 2 rt. 
=0°3’; 


But it was shown 


which is the difference sought. 
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But the star, sighted along the straight line AEH, appeared, at the: first 
opposition, to be situated 23°11’ within the Scorpion. It is hence evident 
that, if the epicycle’s centre were not borne on the eccentric LM but on 
NX, it would be at point X on it and the star would appear along straight 
line HX, differing by 3 sixtieths and being situated 23°14’ within the Scor- 
pion. 

Again, in a like figure, let also the drawing of the second opposition be laid 
down in a position a little west of the 
perigee. 

Since the eccentric’s arc VX was shown 
to be 35 sixtieths, therefore 

angle NFX =0°35’ 
= 1°10’ to 2 rt: 

And so also, on the circle about right 
triangle DFG, 

atoyG — 1 ie 
and, as its supplement, 

arc FG=178°50’. 
And therefore 

chord DG = 1°13’, 

chord FG 120° 


where 
hypt. DF =120?. 
And so also 
DG—CF 
and likewise 
FG@=242’ 
where 
DF=242’ 
and 


ecc. rad. BD =60?. 
And likewise also, since it is indistinguishable from the hypotenuse BD, 


BG=60?. 
And again, since 
GH=FG, 
and 
EH =2 DG, 


we shall also have, by subtraction, 

BH ores 
where 

EH =0?4’, 
and therefore also 

hypt. BE =57?18’. 
And so also 

EH =0°8’ 
where 

BE=120?; 
and, on the circle about right triangle BEA, again 

are EH =0°8’. 
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And therefore 
angle EBH =0°8’ to 2 rt. 
Likewise, since it was shown 

FH = 5°24’ 

where 
ecc. rad. FX =60?, 

therefore, by subtraction, we shall also have 

HX =54°360’ 
where 

EH =0?4’ 
and therefore 
hypt. EX = 54°36’. 
And therefore 

EH =0°10’ 
where 

EX =120?; 
and, on the circle about right triangle EHX, 

arc HH =0°10’. 
And so also 
angle HX H =0°10’ to 2 rt., 
and, by subtraction, 
angle BEX =0°2’ to 2 rt. 
== ORih 

And now it is evident, therefore, that, 
since, at the second opposition, the star 
as it appeared along HB was situated 
7°54’ within the Fishes, if in turn it ap- 
peared along HX it would be only 7°53’ 
within the Fishes. 

And now let the drawing of the third 
opposition be laid out in a position east 
of the perigee. Since the eccentric’s arc 
NX is assumed to be 32°51’, therefore 

angle NFX =32°51’ 
=) 42’ to 2 7b. 

And so also, on the circle about right tri- 
angle DFG, 

arc DG = 65°42’, 
and as its supplement 

arc FG =114°18’. 
And therefore 

chord DG =65°6’, 

chord FG = 100°49’ 


where 
hypt. DF =T20°. 
And so also 
DG = 1°28’ 
and likewise 
FG =2?16’ 
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where 
DF = 2°42’ 
and 
ece. rad. CD =60?. 
And since 


sq. CD—sq. DG=sq. CG, 
we shall also have 


CG = 59°59’. 

And likewise, since 
GH =FG 

and 

EH =2 DG, 
we shall also have, by subtraction, 

CH = 57°43’ 
where 

EH =2°56', 


and therefore also 
hypt. CEH =57°47’, 
And therefore 
EH =6°5' 
where 
CE =120?; 
and, on the circle about right triangle CEH, 
arc EH = 5°48’. 
And so also 
angle ECH = 5°48’ to 2 rt. 
Likewise, since 
| FH =4°32’ 
where 
ece. rad. FX =60?, 
therefore we shall also have, by subtraction, 
HX =55°28’, 
where 
EH = 2°56’; 
and therefore also . 
hypt. EX = 55°33’. 


And so also 
EH =6°20’ 
where 
EX =120?, 
and, on the circle about right triangle EHX, 
arc EH =6°2’. 


And therefore 
angle EX H =6°2’ to 2 rt., 
and, by subtraction, 
angle CEX =0°14’ to 2 rt. 
=0°7’. 
And so, since at the third opposition the star sighted along EC was situated 
14°23’ within the Ram, it is evident that, if it were along the straight line EX, 
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it would be situated 14°30’ within the Ram. And it was shown that at the first 
opposition it was 23°14’ within the Scorpion, and at the second 7°53’ within the 
Fishes. Therefore, if the star’s apparent intervals were considered—not with re- 
spect to the eccentric bearing the epicycle’s centre, but with respect to that em- 
bracing its regular movement—they would come to 104°39’ from the first op- 
position to the second, and to 36°37’ from the second to the third. Following 
these with the theorem already shown, we find the intervals between the centres 
of the ecliptic and of the eccentric embracing the epicycle’s regular movement 
to be very nearly 5°30’ where the eccentric’s diameter is 120°. Of the eccentric’s 
arcs, we find that from the apogee to the first opposition to be 77°15’, that from 
the second opposition to the perigee to be 2°50’, and that from the perigee to the 
third opposition to be 30°36’. 

That these quantities have been here taken accurately because the differences 
of the intervals are very nearly the same as the first and are calculated through 
them—all this is evident from the fact that the star’s apparent intervals are 
found, by means of the discovered ratios, to be the same as the observed ones, 
as will be clear to us from what follows. 

For again let the drawing of the first opposition be set out having only the 
eccentric bearing the epicycle’s centre. 
Since it was shown 

angle LFA =77°15’ 
= 154°30’ to 2 rt., 
and, being vertical to it, 
angle DFG= 154°30! to 2 *. 

therefore, on the circle about right tri- 
angle DFG, 

arc DG =154°30’, 
and, as its supplement, 

arc FG=25°30’. 

And therefore 

chord DG =117°2’ 

chord FG = 26°29’ 


L 


where 


hypt. DF = 120°. ‘i 
And so also 

DG = 2°41’ 

and likewise 
FG=0°36’ 

where 
DF =2°45' 

and 


ecc. rad. AD=60P. 
And, for the same reasons as shown before, 
AG=59°56’, 
and 
AH = 60°32’ 
where 
EH =2 DG=65?22’; 
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and so it is calculated 


AE =60°46’. 
And therefore 
EH = 10°36’ 
where 
AE=120?; 


and, on the circle about right triangle AHH, 
arc HH =10°8’. 
And therefore 
angle HAH = 10°8’ to 2 rt. 
and, by subtraction, 
angle LEA = 144°22’ to 2 rt. 
enor. 
Therefore, by just so many degrees was the star distant from the ecliptic’s 
apogee at the first opposition. | 
Again, let the drawing of the second opposition be set out. Since it is assumed 
angle BFM = 2°50’ 
=5°40' to.2rtij L 
therefore, on the circle about right tri- 
angle DFG, 
are DG =5°40’ 
and, as its supplement, 
arc FG =174°20’. 
And therefore 
chord DG = 5°55’ 
chord FG =119°51’ 
where 
hypt. DF = 120°. 
And so also 
DG =0°8’ 
and likewise F 
FG = 2°45’ 
where 
DF = 2°45’ 
and 
ecc. rad. BD=60?. 
And for the same reasons also 


BG=60?, 
and, by subtraction, 
BH = 57°15’ 
where 
EH =0°16’. 


And so also it is calculated 
hypt. BE = 57°15’. 
And therefore 
EH =0°33’ 
where 
BE=120?; 
and, on the circle about right triangle EBH, 
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And so also 
angle EBH =0°32’ to 2 rt. 
and, by addition, 
angle BEM =6°12’ to 2 rt. 
=3°6’. 

Therefore the star at the second opposition was also 3°6’ west of the perigee. 
But it was also shown to be 72°11’ east of the apogee at the first. Therefore the 
apparent distance from the first opposition to the second is calculated to be 
the 104°43’ of the remainder of the semicircle, in accord with the distance 
gotten from the observations. 

Then also let the drawing of the third opposition be set out. Since it was 
shown 

angle MFC =30°36’ L 
=O aha t@ anno, 
therefore, on the circle about right 
triangle DFG 
arc DG =61°12’, 
and, as its supplement, 
are FG = 118°48’. 
And therefore 
chord DG =61°6’, 
chord F@=103"17’ 


where 
hypt. DF = 120°. 
And so also C 
DG=]24’ 
and likewise 2 
FG = 2°22’ 
where 
DF = 2°45’ 
and 


ecc. rad. CD=60?. 
And for the same reasons also 
CG = 59°59’ 
and, by subtraction, 
CH =57°37' 
where it is calculated 
EH =2°48’. 
And so also 
hypt. CE’ = 57°41’, 
And therefore 
HH =5"50! 
where 
CE =120?; 
and, on the circle about right triangle CEH, 
are HH =5°34'. 
And so also 
angle ECH = 5°34’ to 2 rt., 
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and, by addition, 
angle MEC =66°46’ to 2 rt. 
= 33°23". 

By just as many degrees was the star east of the perigee, therefore, at the 
third opposition. And it was shown to be 3°6’ west of the same perigee at the 
second. Consequently, the apparent distance from the second to the third 
comes to the same result of 36°29’, again in accord with things observed. 

It is immediately clear that since, at the third opposition, the star was 
situated by observation 14°23’ within the Ram (at a distance, as was shown, 
of 33°23’ east of the perigee), the perigee of the eccentricity at that time was 
11° within the Fishes, and the apogee exactly opposite 11° within the Virgin. 

If we draw the epicycle GHK about centre C, we shall have immediately the 
mean longitudinal passage from the 
eccentric’s apogee L of 210°36’, be- 
cause we have shown 

angle MFC =30°36’; 

and we shall have the epicycle’s arc 
HK, from the perigee H to the star 
at K, equal to 2°47’, because we 
have shown 

angle ECF =5°34’ to 2 rt. 
| mao 47. 
Therefore, at the time of the third 
opposition—that is, in the year 1 
of Antonine, Egyptianwise Athyr 
20-21, 5 hours after midnight— 
Jupiter considered with respect to 
its mean passages was in longitude 
210°36’ from the eccentric’s apogee 
(that is, it was situated 11°36’ within the Ram) and in anomaly 182°47’ from 
G, the epicycle’s apogee. 


L 


2. DEMONSTRATION OF THE SIZE OF JUPITER’S EPICYCLE 


Again in what follows for the demonstration of the epicycle’s size we took 
the observation we sighted in the year 2 of Antonine, Egyptianwise Mesore 
26-27 before the rising of the sun—that is, very nearly 5 equatorial hours 
after midnight, when the sun’s mean passage was 16°11’ within the Crab and 
the second degree of the Ram was culminating in the astrolabe. At that time, 
Jupiter, sighted relative to the bright star in the Hyades [Aldebaran], appeared 
to be 1534° within the Twins, and it appeared at the same longitude as the 
centre of the moon which was more to the south. But at that hour, by cal- 
culations already set forth, we find the moon’s mean position to be 9° within 
the Twins, and in anomaly we find it to be 272°5’ from the epicycle’s apogee; 
and therefore its true passage to be about 14°50’ within the Twins, and its ap- 
parent passage in Alexandria to be about 15°45’. Therefore Jupiter was in 
this way situated 1534° within the Twins. 

Again, since the time from the third opposition to the given observation is 
1 Egyptian year and 276 days, and since that amount of time embraces 53°17’ 
in longitude and 218°31’ in anomaly (for there will be no sensible difference 
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even if this amount is taken more or less roughly), if we add these to the 
demonstrated positions at the third opposition we shall have at the time of the 
observation very nearly 263°53’ in longitude from the same apogee and 41°18’ 
in anomaly from the epicycle’s apogee. 

Then, with these things supposed, let there be laid out again the drawing of 
a proof similar to that of Mars, hav- 
ing the epicycle’s position east of the A 
eccentric’s perigee and the star’s just 
after the epicycle’s apogee in accord 
with the mean passages in longitude 
and anomaly here laid out. | 

Since, then, the mean passage in 
longitude from the eccentric’s apogee 
is 263°53’, therefore 

angle BFC = 83°53’ 
= 167°46’ to 2 rt. 
And so also, on the circle about right 
triangle DF, 
arc DM = 167°46’ 
and, as its supplement, 
are FM =12°14’. 

And therefore 


chord DM =119°19’, 
chord FM = 12°47’ 


where 
hypt. DF = 120°. 
And so also 
DM = 2°44’, 
and likewise 
FM =0?18’ 
where 
DF=2°45° 
and | 
ecc. rad. BD =60?. 
And since 
sq. BD—sq. DM =sq. BM, 
therefore 
BM =59°56’. 
And likewise, since 
FM=LM 
and 
EL=2 DM, 
therefore, by subtraction, 
BL=59°38' 
where it is calculated 
EL = 5°28’, 


and therefore 
hypt. BE = 59°52’. 
And therefore 
EL= 10°58’ 
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where 
BE =120?; 
and, on the circle about right triangle BEL, 
arc EL=10°30’. 
And so also 
angle HBF = 10°30’ to 2 rt. 
But 
angle BFC = 167°46’ to 2 rt. 
And therefore, by addition, 
angle BEC = 178°16’ to 2 rt. 
Again since the perigee is very nearly 11° within the Fishes and the star ap- 
peared along EK 15°45’ within the Twins, therefore 
angle KEC =94°45’ 
= 189°30’ to 2 rt., 
and, by subtraction, 
angle BEK =11°14’ to 2 rt. 
And so also, on the circle about right triangle BEN, 
are BN =11°14’, 


and 
chord BN = 11°44’ 
where 
hypt. BE =120?. 
And therefore 

BN =5°50’ 
where 

BE = 59°52’ 
and 


ecc. rad. = 60°. 
And likewise, since 
arc GK =41°18’, 
therefore 
angle GBK =41°18’ 
= 82°36’ to 2 rt. 
But 
angle GBH =angle EBF 
= 10°30’ to 2 rt. 
And therefore, by subtraction, 
angle HBK =72°6’ to 2 rt. 
But it was shown also 
angle HEK =11°14’ to 2 rt., 
and therefore, by subtraction, 
angle BEN =60°52’ to 2 rt. 
And so also, on the circle about right triangle BKN, 
are: BM= 60752’, 
and 
chord BN = 60°47’ 
where 
hypt. BK =120°. 
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And therefore 
epic. rad. BK = 11°30’ 
where 
BN =5"50’ 
and 


ecc. rad. = 60°. 
Which it was required to find. 


3. ON THE CORRECTION OF JUPITER’S PERIODIC MOVEMENTS 


Next, for the periodic movements, we again took one of the ancient observa- 
tions very faithfully recorded, according to which it is quite clear that in the 
year 45 of Dionysius, Parthenon 10, Jupiter at sunrise occulted the Southern 
Ass. Now, this time is the year 83 after Alexander’s death, Egyptianwise 


_ Epiphi 17-18 in the morning, at which time we find the sun’s mean passage 


9°56’ within the Virgin. But the star called the Southern Ass of those about 


the nebula of the Crab was at the time of our observation 1114° within the 
Crab, but clearly at that observation 7°33’, since 3°47’ correspond to the 378 
years between the observations. And therefore Jupiter at that time (since it 


occulted the star) was 7°33’ within the Crab. Likewise also, since the apogee 
according to us was about 11° within the Virgin, at the observation it must 
have been 7°13’ within the Virgin. It is clear that the apparent star was 
300°20’ from the eccentric’s apogee at that time, and the mean sun was 2°43’ 
from the same apogee. 
Now, with these things supposed, again let the drawing of the similar proof 
L_A for Mars be laid out, only here ac- 
cording to the passages given at the 
observation, having the epicycle’s 
position at B before the apogee A 
and that of the sun’s mean situa- 
G tion at Z a little after the same 
apogee. And therefore it also has the 
position of the star at H after the 
epicycle’s apogee G. Likewise let 
FBG, DB, BH, and EH still be 
joined; and let FK be drawn per- 
pendicular to DB, DM and BN to 
EH, and here DX to NB produced 
to make the rectangular paral lelo- 
5 gram DMN X. 

Now since, containing as it does 

the remainder of 300°20’ from the one circle of the ecliptic, 

angle AEH = 59°40’ 


and 
angle AHL = 2°43’, 
therefore, by addition, 
angle LEH or angle BHE =62°23’ 
= 124°46’ to 2 rt. 
And so also, on the circle about right triangle BHN, 
arc BN =124°46’, 
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and 
chord BN = 106°20’ 
where 
hypt. BH = 120°. 
And therefore 
BN = 10°12’ 
where 
epic. rad. =11°30’. 
Again, since it is assumed 
angle DEM = 59°40’ 
= 119°20’ to 2 rt. 
and, by subtraction, 
angle MDE =60°40’ to 2 rt., 
therefore also, on the circle about right triangle DEM, 
arc DM =119°20’; 
and 
chord DM =103°34’ 
where 
hypt. DE = 120°. 
And therefore 


DM = 2°23’ 

and, by addition, 
BN X =12"35' 

where ; 

DE =2°45' 
and 

ece. rad. BD =60?. 
And so also 

BX =25°10’ 

where 


hypt. BD= 120°; 
and, on the tas about right triangle BDX, 
arc BX = 24°14! ; 
And bherefare 
angle BDX = 24°14’ to 2 rt., 
and, as its complement, 
angle BDM = 155°46’ to 2 rt. 
and likewise, by addition, 
angle BDE = 216°26’ to 2 rt. 
and again, as its supplement, 
angle BDF = 143°34’ to 2 rt. 


And so also, on the circle about right triangle FDK, 
arc FK = 143°34’, 
and, as its supplement, 
arc DK =36°26’. 
And therefore also 
chord FK =113°59’, 
chord DK =37°31’' 
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where: 
Mt thy hypt. DF = 120°. 
And therefore 

R= 2987' 
‘and likewise ‘ 

u DK =0°52’ 
and, by subtraction, ? 

. vif BK =59°8' 
where © 
| met onl t ft DF =2?45! 
and | 


ws ecc. rad. BD =60?. 
And therefore also 
) A ee hypt. BF =59P12’. 
| And so also 


4 FK =5°18! 
/where | 
. BF=120°; 
and, on the circle about right triangle BFK, 
| are FK= 5°4, 


- And “ae 


| 


angle FBD=5°4’ to 2 rt. 
and by addition, embracing the regular longitude, 
angle AF B= 148°38’ to 2 rt. 
= 74°19’. 
And since also angle GBH combined with angle BFC and the semicircle 
| is, less angle AFB here) gives 
angle AE L=2°43’, 
| se etoxe we shall also have angle GBH, which contains the star’s passage 
from the epicycle’ Ss apogee, equal to 77°2'. We have hence shown that, at the 
time of the given observation, Jupiter considered according to its mean pas- 


sage was in longitude 285°41’ droite the eccentric’s apogee or in mean position 


22°54’ within the Twins, and in anomaly 77°2’ from the epicycle’s apogee. 
But we had also proved that, at the time of the third opposition, it was 
182°47’ from the epicycle’s apogee. Therefore, in the time between the two 


| observations (embracing 377 Egyptian years and 128 days less very nearly 1 


—" 


— 


a ee 


hour) it added on, with 345 complete circles, 105°45’ in anomaly. The surplus 
of degrees in anomaly from the mean movements worked out by us comes to 


_very nearly this amount, because we established the daily movement from 


these, dividing the total number of degrees from the circle and surplus by the 
total number of days of that time. 


4. ON THE Epocu oF JUPITER’S PERIODIC MOVEMENTS 


Now here again, since the time from the year 1 of Nabonassar, Egyptianwise 
Thoth 1 at midday, to the given ancient eclipse is 506 Egyptian years and very 
nearly 31624 days, and since. that amount of time embraces surpluses of 
258°13’ in longitude and 290°58’ in anomaly, therefore, if we subtract these 
from the proper given positions at the observation, we shall have, at the time 


_ of the epoch the same as for the others, Jupiter’s mean longitudinal position 
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4°41’ within the Balance, and its anomalistic position 146°41’ from the epi- 
cycle’s apogee. Also for the same reasons the apogee of its eccentricity will be 
2°9’ within the Virgin. 


5. DEMONSTRATION OF SATURN’S ECCENTRICITY AND APOGEE 


And now that it was left at this place to demonstrate the anomalies of Saturn 
and its positions, first for the examination of its apogee and eccentricity, we 
again, as for the others, took the acronychal oppositions relative to the sun’s 
mean passage. The first of these we observed with the astrolabe in the year 11 
of Hadrian, Egyptianwise, Pachons 7-8 in the evening, 1°13’ within the Bal- 
ance; and the second in the year 17 of Hadrian likewise, Egyptianwise Epiphi 
18; and we calculated the time and place of the true opposition, by observa- 
tions on it, to be 4 hours after noon of the 18th, 9°40’ within the Archer. Ob- 
serving the third opposition in the year 20 of Hadrian again, Egyptianwise 
Mesore 24, we likewise calculated the time of the true opposition to.have been 
at the very noon of the 24th, and its place to have been 14°14’ within the Goat. 

Now, of the two intervals, the one from the first opposition to the second 
embraces 6 Egyptian years, 70 days, and 22 hours, and 68°27’ of the star’s 
apparent passage; and that from the second to the third, 3 Egyptian years, 35 
days, and 20 hours, and likewise 34°34’. And 75°43’ of mean longitudinal 
passage are calculated in the rougher way! for the first interval, and 37°52’ for 
the second. With these intervals supposed, we again show what is required by 
the same theorem that is first on one eccentric in this way. 

For, not to repeat, let there be laid out the drawing similar to those of the 
same proof. And since the eccentric’s arc 
BC is assumed to subtend 34°34’ of the 
ecliptic, therefore, being at the ecliptic’s 
centre 

angle HDG=angle BDC 
= 34°34’ 
= 69°8’ to 2 rt. 
And so also, on the circle about right tri- 
angle DEG, 
arc EG =69°8’; 
and 
chord EG = 685! 
where 
hypt. DE =120?. 
Likewise, since 
arc |BC =37°52¢ 
therefore, being at the circumference, 
angle BEC =37°52’ to 2 rt. 


and, by subtraction, 
angle HBG =31°16’ to 2 rt. 
And so also, on the circle about right triangle EBG, 
are EG=31°16’, 
and 
chord EG =32°20’ 


1That is, without correction. For such a small angular distance it would make no difference. 
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where 
hypt. BE = 120°. 
And therefore 


BE =252°41' 
where it was shown 
EG=68°5’ 
and 
DE = 120°. 


Again, since the whole are ABC subtends on the ecliptic the 103°1’ all told 
of both distances, therefore, being at the ecliptic’s centre, 
angle ADC =103°1’. 
And for this reason also, as adjacent to it, 
angle ADE =76°59’ 
= 153°58’ to 2 rt. 
And so also, on the circle about right triangle DEF, 
are. L2F = 1§3°58’ 
and 
chord EF =116°55’ 
where 
hypt. DE = 120°. 
And likewise, since the eccentric’s arc ABC totals 113°35’, therefore, being at 
the circumference, 
angle AEC =113°35’ to 2 rt. 
But 
angle ADE = 153°58’ to 2 rt. 
And therefore, by subtraction, 
angle FA E =92°27’ to 2 rt. 
And so also, on the circle about right triangle AEF, 
are EF =92°27’, 


and 
chord EF = 8639’ 
where 
hypt. AE =120?. 
And therefore 
AE = 16155’ 
where it was shown 
EF =116°55’ 
and 
DE = 120?. 


Again, since the eccentric’s arc AB is 75°43’, therefore also, being at the 
circumference, . 


angle AEB =75°43’ to 2 rt. 
And so also, on the circle about right triangle AEH, 
arc AH =75°43’ 

and as its supplement 
| are EH =104°17’. 
aad therefore 


chord AH =73°39’, 
chord HH =94?45/ 
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where 


hypt. AH =120?. 
And so also 

AH =99°43’ 
and likewise 

EH =127751' 
where it was shown 

AE=161°55’ 
and 

DE = 120°. 


And it has been shown 
BE=252°41'; 
and therefore, by subtraction, . 
nee todd Lote 
where 
AH =99?43’. 
And , 
sq. BH =15,583°22’ 
and likewise 
sq. AH =9,877°3’, 
which, added together, make 
sq. AB =25,460°25’. 
Therefore, in length, 
AB = 159°34’ 
where 
DE=120°" 
and likewise 
AE=161°55’. 
But also 
» AB =73"39' 
where 
ecc. diam. =120?, 
for AB subtends an arc of 75°43’. And therefore 


DE =55°23! 
and 

AE=74?43’ 
where 

AB =73°39' 
and | 

ecc. diam. = 120°. 

And so also - 


ece. are AB =77°)’ 
and, by addition, ; 
are HABC =190°36’, 
and clearly, by subtraction, oie 
are CE = 169°24’. 
And for this reason also ous 
chord CDE = 119°28’ 
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where 
ecc. diam. = 120°. 

Then let the eccentric’s centre be taken within the segment HAC since it is 
greater than a semicircle, and let it. be K. 
Through it and D let the eccentrie’s diam- 
eter through both centres LADM be 
drawn. And let KNX be drawn perpen- 
dicular to CE and produced. 

‘tBinee, then, it was shown 


| CH=119"28’ 


(l 
B 


and 
DE = 55°23’ 
where 
diam. LM = 120, 
therefore we shal] also have, by subtrac- 
tion, 
CD = 645’. 
And so, since li 
rect. ED, DC=rect. LD, DM, 
we shall also have 
rect. LD, DM =8,549°9' 
where 
diam. LM =120?. 
But also | 
rect. LD, DM +sq. DK =sq. half diam. 
=sq. LK. 
If, therefore, we subtract 3,549°9’ from the square on half the diameter or 
3,600, we shall have left the square on DK as 50°51’. And therefore we shall 
have, in length, 
rs l. betw. c. DK = 7°8/ 

where | 
a ecc. diam. = 120°. 

Again, since : 
# half CE or EN =59?44’ 
where 

diam. LM =120° 

and it was shown also ; 


IDE = 55°23’, 
therefore we shall also have, by subtraction, 
DN= 4P21’ 
where 
. Dik=PSe 
And so also 
DN =73?11' 
where 


hypt. DK =120?; 
and, on the circle about right triangle DKN, 
vare DN =75°10!. 


368 PTOLEMY 


And therefore 
angle DKN =75°10’ to 2 rt. 
= 37°35": 

And since it is at the eccentric’s centre, we shall also have 

arc MX =37°35’. 
And 

are CX =half are CX E =84°42’. 

And therefore, by subtraction, 

are CL =67°43 
where CL is the arc from the apogee to the third opposition. But also it is 
assumed 

are BC =37°52’; 
And therefore, by subtraction, 

are BL=19°51’ 
where BL is the arc from the apogee to the second opposition. And likewise, 
since it is assumed 

arc AB=75°43’, 
therefore we shall also have 

are AL=55°52’ 
where AL is the arc from the first opposition to the apogee. 

Now, since again the epicycle’s centre is not borne on this eccentric, but on 
the eccentric drawn with a centre bisecting DK and with radius KL, we cal- 
culated accordingly, as for the others, the resulting differences of the apparent 
distances on the ecliptic, considering the ratios very nearly the same if one 
should change the epicycle’s passage to the eccentric effecting the zodiacal 
anomaly. 

For Jet the drawing of the first opposition for the similar proof be laid out in 
a position west of the apogee L. Since, 
then, angle NFX of the regular longi- 
tudinal passage, (that is, angle DFG) was 
shown to be 55°52’ or 111°42’ to 2 right 
angles’ 360°, therefore, on the circle about 
right triangle DFG, 

arc DG=111°42’ 
and, as its supplement, 
are FG =68°16’. 
And therefore 
chord DG = 99°20’, 
chord FG = 67°20’ 


N 


where 
hypt. DF = 120°. 
And so also 
DG = 2°57’ 
and likewise 


FrG=2 
where 
l. betw. c. DF =3°34’ 


and 
ecc. rad. AD =60?P. 
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And since 
sq. AD-—sq. DG=sq. AG, 
we shall have 


AG=59°56’. 

And likewise, since 
FG=GH 

and 

it ae 
therefore, by addition, 

AH =61°56’ 
where 

EH = 5°54’. 


And for this reason also 
hypt. AF =62°13’. 
And so also 
BH =1 Pai’ 
where 
hypt. AH = 120°; 
and, on the circle about right triangle AFH, 
arc KH =10°51’. 
And therefore 
angle HAH =10°51’ to 2 rt. 
Again, since 
ece. rad. FX =60?, 


FH=4?P 
and, by addition, clearly 
HX =64° 
where 
EH =554’; 


therefore we shall also have 
hypt. LX = 64°16’. 
And therefore 
EH = 11"2’ 
where 
hypt. HX =120?; 
and, on the circle about right triangle HHX, 
are HH = 10°33’. 
And so also 
angle HX H = 10°33’ to 2 rt. 
But it was also shown ; 
angle HAH =10°51’ to 2 rt.; 
and therefore, by subtraction, 
angle AEX =0°18’ to 2 rt. 
=0°9’ 
which is the difference sought. 
But at the first opposition the star appeared along straight line AE, situated 
1°13’ within the Balance. Now, it is clear that, if the epicycle’s centre were not 
borne on the epicycle AL but on NX, it would be at point X on it, and the star 
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would appear along straight line EX, 9 sixtieths west of the position at A, and 
it would be situated 1°4’ within the Balance. 

Again, for the same proof, let the drawing of the second opposition be laid out 
east of the apogee. 

Since the eccentric’s arc N.X was shown 
to be 19°51’, therefore angle NFX and 
angle DFG, vertical to it, would each 
equal 19°51’, or 39°42’ to 2 right angles’ 
360°. And so also, on the circle about right 
triangle DFG, 

arc DG =39°42’ 
and, as its supplement, 
arc FG =140°18’. 
And therefore 
chord DG = 40°45’, 
chord FG =112°52’ 


where 
hypt. DF = 120°. 
And so also 
DG= 1713! 
and likewise 
FG=p70l! 

where 

Diz 3734" 
and 

ecc. rad. BD=60?. 
And since 
sq. BD-sq. DG=sq. BG, 

therefore 

BG= 59°59’. 
And likewise, since 

FG=GH 

and 

EH =2 DG, 
therefore, by addition, we shall have 

BH =63°"20' 
where 

EA =2°26'; 


and therefore also 

hypt. BE = 63°23’. 

And therefore 
EH = 4°36 

where 

hypt. BE =120?; 
and, on the circle about right triangle BEH, 

arc EH = 4°24’. 
And so also 
angle EBH =4°24’ to 2 rt. 
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Likewise, since 
FH = 642’ 
where 
ece. rad. FX =60?, 
therefore we shall have, by addition, 
HX =66°42’ 
where it was supposed 
EH =2°26’, 
and therefore 
hypt. EX =66°45’. 
And so also 
EH = 4°23’ 
where 
hypt. EX =120?; 
and, on the circle about right triangle EHX, 
arc HH =4°12’. 
And therefore 
angle EXH =4°12’ to 2 rt. 
But it had already been shown also 
angle EBH =4°24’ to 2 rt. 
And therefore, by subtraction, 
angle BEX =0°12’ to 2 rt. 
=0°6’, 

Now, it is clear here that, since at the second opposition the star appearing 
along EB was situated 9°40’ within the Archer, if in turn it appeared along EX 
it would be situated 9°46’ within the Archer. But it was shown that, at the first 
opposition, it was situated likewise 1°4’ within the Balance. Hence it is evident 
that the apparent distance from the first opposition to the second would amount 
to 68°42’ on the ecliptic if it were considered with respect to the eccentric NX. 

And likewise let the drawing of the third opposition be laid out according to 
the same general figure as that of the 
second. N 

Since arc NX was shown to be 57°43’, 
therefore angle NFX or angle DFG is 
57°43’, or 115°26’ to 2 right angles’ 360°. 
And so also, on the circle about right tri- 
angle DFG, 

aréeoG —115°26" 
and as its supplement 
arc FG =64°34’. 
And therefore 
chord DG = 10127’, 
chord FG = 64°6’ 


where 
hypt. DF =120°. 
And so also 
DG =3?1' 
and likewise 


FG = 1°54’ 
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where 
DF =3°34’ 
and 
ece. rad. CD =60?. 
And again, since 
sq. CD—sq. DG=sq. CG, 
we shall also have 


CG = 59°56’. 
And likewise, since 
FG=GH 
and 
EH =2 DG, 
therefore, by addition, we shall have 
CH =61°50’ 
where 
EH =6°2’, 


and therefore 
hypt. CE =62°8’. 
And therefore 
EH = 11°39’ 
where 
hypt. CH =120?; 
and, on the circle about right triangle CLH, 
are EH =11°9’. 
And so also 
angle ECH =11°9’ to 2 rt. 
Likewise, since 
FH =3°48' 
where 
ecc. rad. FX =60?, 
therefore, by addition, we shall have 
HX =63°48’ 
where 
EH =6°2’, 
and therefore 
hypt. HX =64?5’. 
And therefore 
EH = 11°18’ 
where 
hypt. EX =120?; 
and, on the circle about right triangle E/7X, 
atc HH = 10°49’. 
And so also 
angle EX H = 10°49’ to 2 rt. 
But it was shown 
angle ECH =11°9’ to 2 rt. 
And therefore, by subtraction, 
angle CEX =0°20’ to 2 rt. 
=6rn0’. 
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And so, since, at the third opposition, the star appearing along EC was situ- 
ated 14°14’ within the Goat, it is evident that, if it were on straight line EX, it 
would be 14°24’ within the Goat, and in turn the apparent distance from the 
second opposition to the third, considered relative to the eccentric NX, would 
be 34°38’. 

Working with these distances in the same theorem, we find the distance be- 
tween the centres of the ecliptic and of the eccentric embracing the epicycle’s 
regular movement (or the distance equal to HF’) to be very nearly 6°50’ where 
the eccentric’s diameter is 120°. And, of the same eccentric’s arcs, we find that 
from the first opposition to the apogee is 57°5’; that from the apogee to the 
second opposition is 18°38’; and that from the apogee to the third opposition 
is 56°30’. 

Here again these quantities have been accurately taken because the differ- 
ences of the ecliptic’s arcs amount to very nearly the same as the former ones, 
by using these arcs, and because the star’s apparent distances are found to be in 
accord with those observed, as will be clear to us from similar proofs. 

For let the figure of the first opposition be laid out for only the eccentricity 
bearing the epicycle’s centre. 

Since, then, angle AFL, subtending as 
it does 57°5’ of the eccentric, is 57°5’, and 
it and the vertical angle DFG are each A 
114°10’ to 2 right angles’ 360°, therefore, 
on the circle about right triangle DFG, 

arc DG=114°10’, 


and as its supplement \ 


L 


are FG=65°50’. 
And therefore 
chord DG =100°44’, 
chord FG = 65°13’ 
where 
hypt. DF = 120°. 
And so also 
DG = 2°52’ 
and likewise 
FG = 1°51" 
where ' 
1. betw. c. DF =3°25’ 
and 
ece. rad. AD=60?. 
And again, since 
sq. AD—-sq. DG=sq. AG, 
we shall also have 


AG =59°56’. 
And likewise, since 
FG=GH 
and 
EH =2 DG, 


therefore, by addition, we shall have 
AH =61°47’ 
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where 
EH =544’, 
and therefore also 
hypt. AH =62°3’. 
And therefore 
EH = 11°5/ 
where 
hypt. AE =120?; 
and, on the circle about right triangle AEH, 
arc HH = 10°36’. 
And so also 
angle HAF = 10°36’ to 2 rt. 
But it was supposed 
angle AFL=114°10’ to 2 rt. 
And therefore, by subtraction, 
angle AEL=103°34’ to 2 rt. 
= 51°47’. 
By just so many degrees, therefore, the star was west of the apogee at the first 
opposition. 

Again, let the drawing of the second opposition be laid out in a similar man- 
ner. Since angle BFL was shown to be 18°38’, and it and the vertical angle 
DFG each 37°16’ to 2 right angles’ 360°, | | 
on the circle about right triangle DFG, 

arc DG = 37°16’ 


B 
and, as its supplement, 
arc FG =142°44’. 
And therefore 
chord DG =38°20', b 
chord FG = 11343’ » 


where 
hypt. DF = 120°. 


And so also 

DG = 125’ 
and likewise 

FG=3°14' 
where 

DF =3°25' 
and 

ece. rad. BD=60?. 

And since 


sq. BD-sq. DG=sq. BG, 
therefore we shall have 


BG =59?59’. 
And likewise, since 
FG=GH 
and 
EH =2 DG, 


therefore we shall have, by addition, 
BH = 63713’ 
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where 
EH =2°10’, 
and therefore also 
hypt. BE = 63?15’. 
And therefore 
EH =4°7’ 
where 
hype. pe —120": 
and, on the circle about right triangle BEH, 
arc EH =3°56’. 
And so also 
angle EBF =3°56’ to 2 rt. 
But it was supposed 
angle BFL =37°16’ to 2 rt. 
And therefore, by subtraction, 
angle BEL =33°20’ to 2 rt. 
= 16°40'. 


Therefore at the second opposition the star appeared 16°40’ east of the 
apogee. But it was shown, at the first opposition, to be 51°47’ west of the same 
apogee. Hence the apparent distance from the first opposition to the second 
comes to a total of 68°27’ in accord with the number obtained from the ob- 
servations.. 

Then let the drawing of the third opposition be laid out also. Since angle CFL 
was shown to be 56°30’, and it and the 
vertical angle DFG each 113° to 2 right L 
angles’ 360°, therefore, on the circle about 
right triangle DFG, ms 

arc DG =113° 
and as its supplement 
are FG =67°. 

And therefore y, 
chord DG = 100°4’, / 
chord FG =66?14’ 

where 

hypt, DF =120° 
And so also 

DG =2°5)" 
and likewise 

FG = 59’ = 
where 

DF = 3°25’ 
and 

ecc. rad. CD=60?. 
And since again 
sq. CD—sq. DG=sq..CG, 
we shall also have 
CG = 59°56’. 
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And likewise, since 


FG=GH 
and 
EH =2 DG, 
therefore we shall also have, by addition, 
CH =61°49’ 
where 
EH =542’, 


and therefore also 
hypt. CE =62°5’. 
And therefore 
EE=—i11eo! 
where 
hypt. CH =120?; 
and, on the circle about right triangle CEH, 
are EH =10°32’. 
And so also 
angle ECH = 10°32’ to 2 rt. 
But it is supposed 
angle CFA =113° to 2 rt. 
And therefore, by subtraction, 
angle CEL = 102°28’ to 2 rt. 
ole. 

Therefore by just so many degrees, at the third opposition, did the star 
appear east of the apogee. But it was also shown to be 16°40" east of the apogee 
at the second opposition. And so the apparent distance from the second op- 
position to the third is the difference of 34°34’, again in accord with the number 
obtained from the observations. 

It is immediately evident also that, since the star was 51°14’ east of the 
apogee, as was shown, and 14°14’ within the Goat, the apogee of its eccen- 
tricity at that time was 23° within the Scorpion, and its perigee just opposite 
23° within the Bull. 

Likewise, if we draw epicycle GH about centre C, then we shall have the 
epicycle’s mean longitudinal passage L 


from the eccentric’s apogee as the 56° 
30’ just proved; and the epicycle’s arc sg 
HK as 5°16’, because it has been shown 
angle ECF = 10°32’ to 2 rt. as 
And so the supplementary arc GH from 
the epicycle’s apogee to the star is left 
to be 174°44’. Therefore, at the time of 
the third opposition—that is, in the 
year 20 of Hadrian, Egyptianwise Me- 
sore 24 at midday—Saturn considered 
with respect to its mean passages was 
56°30’ in longitude from the eccentric’s 
apogee or 19°30’ within the Goat, and 
174°44’ in anomaly from the epicycle’s M 
apogee. Which it was required to find. 
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6. DEMONSTRATION OF THE SIZE OF SATURN’S EPICYCLE 


And then again for showing the epicycle’s size we took an observation we 
made in the year 2 of Antonine, Egyptianwise Mechir 6-7, 4 equatorial hours 
before midnight, when the last degree of the Ram was culminating in the 
astrolabe, with the mean sun 28°41’ within the Archer. At that time Saturn, 
sighted relative to the bright star of the Hyades [Aldebaran], appeared to be 
9145° within the Water Bearer and was very nearly 4° east of the moon’s 
centre. For it was just that far from its northern horn. But at that hour the 
moon, according to its mean passage, was 8°55’ within the Water Bearer, and 
in anomaly was 174°15’ from the epicycle’s apogee. Therefore its true passage 
must have been 9°40’ within the Water Bearer, and its apparent passage in 
Alexandria 8°34’. Consequently, since it was very nearly 14° east of its centre 
Saturn must have been 915° within the Water Bearer. And it was 76°4’ from 
the eccentric’s same apogee because'in that amount of time it did not change 
appreciably. 

Since the time from the third opposition to this observation is 2 Egyptian 
years, 167 days, and 8 hours, and since again Saturn, in that amount of time, 
moves approximately in longitude 30°3’ and in anomaly 134°24’, it follows that 
if we add these to the position given at the third opposition we shall have, 
for the time of the given observation, in longitude 86°33’ from the eccentric’s 
apogee and in anomaly 309°8’ from the epicycle’s apogee. 

Now, with these things supposed, let the drawing of the similar proof be 
laid out, having the epicycle’s posi- 
tion to the east of the eccentric’s 
apogee, and the star’s position be- 
fore the epicycle’s apogee according 
to the passages supposed. 

Since, then, it is supposed 

angle AFB or 

angle DFM = 86°33’ 
= 173°6’ to 2 rt., 

therefore, on the circle about right 
triangle DFM, 

are DM =173°6' 
and, as its supplement, 

arc FM =6°54’. 
And therefore 

chord DM =119?47’, 
chord FM =7°13' 


where 
hypt. DF =120°. 
And so also 
DM = 3°25! 
and likewise 
FM =0?12’ 
where 


l. betw. c. DF =3°25/ 
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and 
ecc. rad. BD=60?. 
And since 
sq. BD—sq. Df =sq. BM, 
we shall also have 


BM =59°54’. 
And likewise, since 
FM=LM, 
and 
EL=2 DM, 
therefore also we shall have, by addition, 
BL=60°6’ 
where 
EL =6°50’, .. 


and therefore also 
| hypt. BE =60°29’. 
And therefore 
EL = 13°33’ 
where 
hypt. BE =120?; 
and, on the circle about right triangle BEL, 
arc HL = 12°58’. 
And so also 
angle HBF = 12°58’ to 2 rt. 
And it is also supposed 
angle AFB =173°6' to 2 rt. 
And therefore, by subtraction, 
angle AHB=160°8’ to 2 rt. 
But also, as the angle containing the star’s apparent distance from the apogee, 
angle AE K =76°4’ 
=1152°8’ to 2 rt. 
And therefore we shall have, by subtraction, 
angle KEB=8°0’ to 2 rt. 
And so also, on the circle about right triangle BEN, 


arc BN =8°, 
and 
chord BN =8?22’ 
where 
hypt. BE = 120°. 
And therefore 
BN = 4°13/ 
where 
BE =60°29’ 
and 
ece. rad. =60P. 


Again, since the star was 309°8’ from the epicycle’s apogee G, therefore, by 
subtraction, 
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are GK = 50°52’. 
And therefore 
angle GBK = 50°52’ 
= 101°44’ to 2 rt. 
But 
angle HBF = angle GBH = 12°58’ to 2 rt. 
And therefore, by subtraction, 
angle HBK =88°46’ to 2 rt. 
where it was shown 
angle KEB =8° to 2 rt. 
And therefore, by subtraction, we shall have 
angle BEN =80°46’ to 2 rt. 
And so also, on the circle about right triangle BAN, 
arc BN =80°46’ 
and 
chord BN =77°45’ 
where 
hypt. BK =120?. 

And therefore we shall have 
epic. rad. BK =614" 
where it was shown 

BN =4?13’ 
and 
ecc. rad. = 60°. 

We have concluded that Saturn’s apogee at these dates near the beginning 
of Antonine’s reign was 23° within the Scorpion. Where the radius of the 
eccentric bearing the epicycle is 60", there the line between the centres of the 
ecliptic and of the eccentric effecting the regular movement comes to 6°50’, 
and the epicycle’s radius to 6°30’. Which it was required to find. 


7. ON THE CORRECTION OF SATURN’S PERIODIC MOVEMENTS 


Now that it is left to show the correction of the periodic movements, we 
took for this again one of the faithfully recorded ancient observations, accord- 
ing to which it is clear that in the year 82 of the Chaldeans, Xanthicus 5, in 
the evening, Saturn was 2 digits below the Virgin’s southern shoulder. This 
date is the year 519 of Nabonassar, Egyptianwise Tybi 14 in the evening, at 
which time we find the mean sun 6°10’ within the Fishes. But the fixed star 
of the Virgin’s northern shoulder at the time of our observation was 131¢° 
within the Virgin. At the time of the given observation, since very nearly 
324° of the fixed star’s movement correspond to the intervening 366 years, it 
was clearly 914° within the Virgin; and also Saturn, since it was south of the 
fixed star by 2 digits. Likewise, since its apogee was shown in our time to be 
nearly 23° within the Scorpion, at that time it must have been 1914° within 
the Scorpion. By means of these things it is concluded that at the given time 
the apparent star was 290°10’ along the ecliptic from the apogee at that time, 
and the mean sun was 106°50’ from the same apogee. 

With these things supposed, again let there be set out the drawing for a 
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similar proof, having the epi- 
cycle’s position west of the ec- 
centric’s apogee and the sun’s 
west of the perigee and parallel 
to it the line from the epicycle’s 
centre to the star. 

Now, since Saturn appeared 
west of the apogee by the 69°50’ 
failing one complete circle, there- 
fore, being at the ecliptic’s centre, 

angle AHH =69°50’ 

= 139°40’ to 2 rt. 
But also the angle AFL of the 
solar distance is assumed to be 
106°50’ or 213°40’ to 2 right 
angles’ 360°. And therefore, by 
addition, 
angle HEL or angle BH E =353°20’ to 2 rt. 

because BH is parallel to EL, And by subtraction 

angle BHN =6°40’ to 2 rt. 
And so also, on the circle about right triangle BHN, 

arc BN =6°40’, 


chord BN =6°58’ 


and 


where 
hypt. BH = 120°. 
And therefore 
BN.=0°23/ 
where 
epic. rad. BH =6°30’. 
Likewise, since 
angle AEH =139°40’ to 2 rt. 


angle EDM =40°20’ to 2 rt. 
therefore also, on the circle about right triangle DEM, 
arc DM =139°40’, 


chord DM = 11239’ 


and 


and 


where 
hypt. DE =120?. 
And therefore 
OM ON = eee: 
where 
l. betw. c. DE =3°25’ 


ecc. rad. BD =60?; 


and 


and, by addition, 
BNX =38°35' 
where 
hypt. BD=60?. 


THE ALMAGEST, XI 381 
And therefore 
BX =7°?10' 


BD=120?; 
and, on the circle about right triangle BDX, 
arc BX =6°52’. 


where 


And so also 
angle BDX = 6°52’ to 2 rt., 

and as its complement 

angle BDM = 173°8’ to 2 rt., 
and likewise by addition 

angle BDE = 213°28’ to 2 rt., 
and as its supplement 

angle BDA = 146°32’ to 2 rt. 
And so also, on the circle about right triangle DFK, 
are FK = 146°32’ 


arc DK =33°28’. 


chord FK =114°55’, 
chord DK =34°33’ 


hypt. DF = 120°. 


and, as its supplement, 


And therefore 


where 


And therefore ; 


: Eda OF dake 
and likewise : 
DK = 059’ 
where 
1. betw. c. DF =3”25/ 
and 


ecc. rad. BD =60?; 
Bk =59?]’ 
FK =3°17’, 


and, by subtraction, 


where 


and therefore 


hypt. BF =59°6’. 
And so also mn 


FK = 6°40’ 


‘hypt. BF = 120°; 
and, on the circle about right triangle BFK, 
. are Fh =6°22'. 


angle FBR = 6°22’ to 2 rt. 


angle ADB = 146°32’ to 2 rt. 
And therefore, by addition, we shall have 
angle AFB =152°54’ to 2 rt. 
= 76°27" 
the angle which embraces the regular longitudinal passage. 
Therefore, at the time of the given observation, Saturn, according to its 
mean longitudinal passage, was 283°33’ from the apogee, or situated 2°53’ 


where 


And therefore 
But 
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within the Virgin. Since, moreover, the sun’s mean passage is supposed 106° 
50’, if we add to this the 360° of one circle and from the resulting 466°50’ 
subtract the 283°33’ in longitude, we shall have, for that same time, the 
183°17’ of anomaly from the epicycle’s apogee. 

At the time of the given observation, which was in the year 519 of Nabonas- 
sar, Tybi 14 in the evening, Saturn was shown to be 183°17’ from the epi- 
cycle’s apogee, and at the time of the third opposition, which was in the year 
883 of Nabonassar, Mesore 24 at midday, it was 174°44’; therefore it is evident 
that in the time between the two observations, which embraces 364 Egyptian 
years and 21934 days, Saturn has moved 351°27’ above 351 complete circles 
of anomaly. And again the surplus from the mean movements worked out by 
us comes to very nearly this much. For the daily mean movement was es- 
tablished by dividing the total number of degrees resulting from the number 
of circles and the surplus by the total number of days of the time. 


8. On THE Epocu oF SATurRN’s Periopic MovEMENTS 


But since also the time from the year 1 of Nabonassar, Thoth 1, at midday 
to the given ancient observation is 518 Egyptian years and 13314 days, and 
since this amount of time embraces surpluses of 216°9’ in longitude and 149° 15’ 
in anomaly, if we subtract these from the given positions at the observations, 
we shall have, again for this time of the epoch, Saturn’s mean longitudinal 
position 26°44’ within the Goat, its anomalistic position 34°2’ from the epi- 
cycle’s apogee, and therefore the apogee of its eccentricity about 14°10’ within 
the Scorpion. Which it was required to find. 


9. How THE TRUE PASSAGES ARE GOTTEN GEOMETRICALLY FROM 
THE PERiopic MovEMENTS 


By means of the same things it will be clear to us that conversely, if the peri- 
odic arcs of the eccentric embracing the regular movement and of the epicycle 
are given, then also the stars’ apparent passages are easily obtained by geome- 
try: 

For if, in the simple drawing of the eccentric and epicycle, we join FBH and 
EBG, then, given the mean longi- 
tudinal passage (that is, angle AFB) 
angle AEB, and angle EBF or angle 
GBH are also given according to 
both hypotheses, from things al- 
ready shown. Furthermore, the ratio 
of the straight line BE to the epicy- 
cle’s radius is given. 

Let the star be supposed, for in- 
stance, at point K on the epicycle, 
and EK and BK be joined. And let 
arc HK be given. Now, if we no lon- 
ger (as in the converse proof) draw 
a straight line from the epicycle’s 
centre B perpendicular to EK but 
rather from the star at K perpendic- 
ular to EB (as here KL) then the 
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whole angle GBK is given, and therefore also the ratio of KL and LB to BK and 
EB; and, accordingly, the ratio of the whole EBL to LK. And so also, given the 
angle LEK, we get the angle AEK containing the star’s apparent distance from 
the apogee. 


10. TREATMENT OF THE CONSTRUCTION OF TABLES FOR THE ANOMALIES 


Yet in order that we may not always calculate the apparent passages geo- 
metrically (although this way alone accurately obtains what is required, but is 
too difficult for ease in researches), we have constructed tables as convenient 
and as nearly accurate as possible, for each of the five stars, and containing their 
particular anomalies combined in such a way that, when the periodic movements 
from the proper apogees are given, we may readily calculate from them the ap- 
parent passages for any time. 

Each of these tables we have arranged again in 45 rows, for symmetry’s sake, 
and in 8 columns. Of these columns, the first two contain the numbers of the 
mean passages, as in the case of the sun and the moon, with the 180° from the 
apogee arranged downwards in the first and the remaining 180° of the semicircle 
arranged upwards in the second, so that the number 180 has been put in the last 
row in both, and their increase for the first 15 rows downwards is by intervals of 
6° and for the remaining 30 under them by intervals of 3°. For the differences of 
the sections of anomaly with respect to each other are less appreciable at the 
apogees, but they change more rapidly at the perigees. 

Of the next two columns, the third contains the addition-subtractions result- 
ing for the corresponding number of mean longitudinal passage through the 
greatest eccentricity, yet taken simply as if the epicycle’s centre were borne on 
the eccentric embracing the regular movement. The fourth column contains the 
differences of the addition-subtractions resulting from the fact that the epicy- 
cle’s centre is not borne on that circle but on another. And the way in which 
each of these two is obtained geometrically, at the same time and separately, can 
be readily understood through the many theorems already propounded by us. 
It was fitting that at this point in this treatise such an analysis of the zodiacal 
anomaly be displayed and therefore set forth in two columns; but, for actual use, 
one column combined from the addition-subtraction of them both would suffice. 

Of the next three columns, each contains the addition-subtractions due to the 
epicycle, again taken simply, with the apogees and perigees considered relative 
to the distance from our eye. For the method of this kind of proof can be easily 
understood by us with the help of theorems already set out. The middle one of 
these three columns, or the sixth from the first, contains the addition-subtrac- 
tions calculated according to the ratios of the mean distances. But the fifth con- 
tains, for the same sections, the differences of the addition-subtractions at the 
greatest distance with respect to those at the ‘mean; and the seventh contains 
the differences of the addition-subtractions at the least distance with respect to 
those at the mean. 

For we have shown that, where the epicycle’s radius is 6°30’ in the case of 
Saturn (for it would be well finally to begin from the top down), 11°30’ for Jupi- 
ter, 39°30’ for Mars, 43°10’ for Venus, and 22°30’ for Mercury, there the mean 
distance of all is 60°—that is, the distance considered with respect to the radius 
of the eccentric bearing the epicycle; and the greatest distance with respect to 
the ecliptic’s centre is for Saturn 63°25’, for Jupiter 62°45’, for Mars 66°, for 
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Venus 61°15’, and for Mercury 69°; and likewise the least distance is for Saturn 
56°35’, for Jupiter 57°15’, for Mars 54°, for Venus 58°45’, and for Mercury 
55°34’, 

We have arranged the eighth and last column for obtaining the corresponding 
parts of the difference, set out when the stars’ epicycles are neither at the mean, 
greatest, or least distances, but in the passages between. We have arranged the 
calculation of this correction for each distance between, only with respect to the 
greatest addition-subtractions at the tangents from our eye to the epicycle, 
since there is no appreciable deviation in the proportion of the differences for the 
other sections of the epicycle relative to those for the greatest addition-sub- 
tractions. 

To make what is here said still clearer, and to have the method of proportions 
stand out in evidence, let there be laid out the 
straight line ABCD through the centres of the eclip- A 
tic and of the eccentric embracing the regular move-_ 
ment of the epicycle. Let C be supposed the ecliptic’s 
centre, and B the centre of the epicycle’s regular 
movement. With BEF produced, let the epicycle FG B 
be drawn about centre H; and let straight line CG be 
drawn from C tangent to it, letting CE and the per- 
pendicular EG be joined. For an example, let the epi- C 
cycle’s centre for each of the five stars be supposed 
30° in regular movement from the apogee of eccen- 
tricity. 

Now (not to draw out the calculations by proving D 
the same things again) it was shown by many theo- 
rems preceding this, both for the hypothesis of Mer- 
cury and the rest, that, when angle ABH is given, the ratio of CE to the epicy- 
cle’s radius or GE is also given; and, when angle ABE is assumed to be 30°, by 
calculations for each case, the ratio becomes 63°2’ to 6°30’ for Saturn, 62°26’ to 
11°30’ for Jupiter, 65°24’ to 39°30’ for Mars, 61°26’ to 43°10’ for Venus, and 
66°35’ to 22°80’ for Mercury. Therefore we shall have angle ECG which contains 
the greatest addition-subtraction due to the epicycle at that time: 5°55)’ for 
Saturn, 10°3614’ for Jupiter, 37°9’ for Mars, 44°5614’ for Venus, and 19°45’ for 
Mercury. 

According to the ratios just expounded, the greatest addition-subtractions at 
the mean distances, become 6°13’, 11°3’, 41°10’, 46°, and 22°2’, in the order of 
the stars just given, to avoid repetition. At the greatest distances they become 
5°53’, 10°34’, 36°45’, 44°48’, and 19°2’; and at least distances they become 6°36’, 
11°35’, 47°1’, 47°17’, and 23°53’. Those at the greatest distances hence differ 
from those at the mean by 0°20’, 0°29’, 4°25’, 1°12’, and 3°; and those at the 
least differ from them by 0°23’, 0°32’, 5°51’, 1°17’, and 1°51’. 

Now, the addition-subtractions of the distances sought are less than those of 
the mean distances and differ from them by 0°1714’, 0°2614’, 4°1’, 1°314’, and 
2°17’. These are, for Saturn, 52 and 30’ sixtieths of the given whole differences 
between those at the mean distances and those at the greatest; for Jupiter, 54 
and 50’ sixtieths; for Mars, 54 and 34’; for Venus 52 and 55’; and for Mercury, 
45 and 40’. And therefore in the eighth column in each table we have placed just 
that number of sixtieths in the row containing the number 30 of periodic longi- 
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tude. And in the case of distances having addition-subtractions greater than 
those at the mean distances, we likewise analysed their differences into sixtieths 
again, but relative to whole differences with those at the least distances and no 
longer with those at the greatest. In the same way we calculated, for the other 
positions at intervals of 6° mean longitude, the resulting sixtieths of the whole 
differences, and we put them beside the proper numbers. For, as we said, the 
proportion of the differences is sensibly the same, even if the passages of the. 
stars are not at the epicycle’s greatest addition-subtractions, but at other parts of 
it. And here is the exposition presented in the following five tables [pp. 386-390]. 


12. On CALCULATING THE LONGITUDES OF THE FIVE PLANETS 


Now, whenever we wish to know the apparent passages of each of the stars, 
from their periodic movements in longitude and anomaly, by means of the 
foregoing tables, we shall make the calculation, one and the same for the five 
stars, in this way: ‘ 

Calculating, from the tables of mean movement, the regular positions of 
longitude and anomaly above whole circles produced in the time required, we 
first carry the degrees from the eccentric’s apogee at that time to the mean 
longitudinal passage, to the table of anomaly proper to the star. If the longi- 
tudinal number set out is in the first column, we subtract from the degrees of 
longitude the quantities in the third column of the truly determined longitude 
corresponding to the number, along with the addition-subtraction of sixtieths 
in the fourth column; and we add them to the degrees of anomaly. But if the 
longitudinal number is in the second column, we add them to the longitudinal 
and subtract them from the anomalistic, so that we may have both passages 
truly determined. 

Then we carry the number of degrees from the anomaly’s apogee, analysed 
out, again to the first two tables, and we record the corresponding addition- 
subtraction of the mean distance in the sixth column. Likewise carrying the 
original number of regular longitude, brought over, to the same numbers, if 
it is in the first rows more apogee than that of the mean distance (which be- 
comes clear from the sixtieths in the eighth column), then, whatever number 
of sixtieths in the eighth column correspond to it, we take just that many of 
the difference, corresponding to the recorded mean addition-subtraction, in 
the fifth column of the greatest distance, and we subtract the result from what 
we recorded. But if the number of the aforesaid longitude is in the lower rows 
more perigee than that at the mean distance, then likewise, whatever number 
of sixtieths correspond to it in the eighth column, we take just that many of 
the difference, corresponding to the recorded mean addition-subtraction, in 
the seventh column of the least distance, and we add the results to what we 
recorded. 

The total number of degrees of the addition-subtraction so determined we 
add to the degrees of longitude, truly determined, if the truly determined 
anomalistic number is in the first column; and we subtract them from the 
longitudinal degrees, if it is in the second column. And counting the resulting 
number of degrees from the star’s apogee at that time, we come to its ap- 
parent passage. 


386 
1 2 
Common 
Numbers 
6 354 
12 348 
18 342 
24 336 
30 360 
36 324 
42 318 
48 312 
54 306 
60 300 
66 294 
12 288 
78 282 
84 276 
90 270 
93 267 
96 264 
99 261 
102 258 
105 200) 
108 pase) 
it 249 
114 246 
117 243 
120 240 
123 y sy | 
126 234 
129 231 
132 228 
135 225 
138 wae, 
141 219 
144 216 
147 213 
150 210 
153 207 
156 204 
159 201 
162 198 
165 195 
168 192 
WA | 189 
174 186 
Tia 183 
180 180 
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11. TABLES FOR THE ANOMALIES 
SATURN, Apogee, 14°10’ within the Scorpion 


3 4 
Differences 
Longitudinal of 


Addition- Addition- 


9) 6 
Addition- 
Differences | Subtraction 
of of 


Subtraction | Subtraction | Subtraction | Anomaly 


0 37 | 0 2 
1 1a) 0 4 
si 49 | 0 6 
2 23 | 0 8 
2 ov | 0 (i) 
3 29 | 0 10 
3 59 | 0 11 
4 28 | 0 11 
4 55 | 0 10 
5 20 | 0 9 
Sy) 42 | 0 8 
6 0 | 0 7 
6 14 | 0 5 
6 24 | 0 3 
6 30 | 0 1 
6 31 | 0 0 

Addition 
6 32 | 0 2 
6 31 | 0 3 
6 30 | 0 4 
6 27 | 0 5 
6 23 | 0 6 
6 TD 7 
6 14 | 0 8 
6 a) o 
5 59 | 0 10 
5 50 | 0 10 
5 39 | 0 1] 
5 27 | 0 11 
5 14 | 0 12 
5) 0; 0 12 
4 45 | 0 12 
4 29 | 0 12 
4 12 | 0 12 
3 54 | 0 12 
3 30 | 0 11 
3 16 | 0 11 
2 56 | 0 10 
2 36 | 0 9 
2 15 | 0 8 
1 53. | 0 7 
1 31; 0 6 
1 910 i) 
0 47 | 0 3 
0 24 | 0 2 
0 | 0 0 
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Differences 
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of 
Addition 
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8 
Sizxtieths 
of 
Subtraction 
60 0 
58 30 
on 0 
55 30 
52 30 
49 30 
46 30 
43 30 
39 0 
34 30 
30 0 
24 0 
18 0 
12 («0 
4 i") 
0 45 
Subtraction 
2 32 
5 51 
9 8 
11 45 
14 pd | 
16 58 
19 Bi 
24, Tt 
24 47 
27 24 
30 0 
32 37 
35 13 
37 50 
40 26 
43 3 
45 39 
47 od 
49 34 
51 Sy 
53 29 
54 49 
56 6 
57 24 
58 42 
59 21 
60 0 
60 0 
60 0 
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11. TABLES FOR THE ANOMALIES 
JUPITER, Apogee, 2°9’ within the Virgin 


1 2 3 4 5 6 ry ils @y 


Differences Addition- 
Common | Longitudinal of Differences | Subtraction | Differences | Stixtieths 
Numbers Addition- Addition- of of 0. of 
Subtraction | Subiraction | Subtraction| Anomaly | Addition | Subtraction 
6 354 | 0 30 | 0 1/0 Zi 0 58 | 0 2 | 60 
12 348 } 1 0/0 2/0 5} 1 56 | 0 5 | 58 58 
18 342] 1 30 | 0 3 | 0 gi; 2 52 | 0 7 | 57 56 
24 336 jr l 58) O 4/10 9; 3. 48/0 9 | 56 54 
30 330 | 2 26 | 0 5 | 0 ll} 4 42 | 0 11 | 54 50 
36 324 } 2 52 | 0 6 | 0 1gc; 5 34 | 0 13 | 51 43 
42 318 | 3 17} 0 Z| 0 16c| 6 25; 0 15 | 47 35 
48 312) 3 40 | 0 710 We) 7 12/0 18 | 48 27 
54 306 | 4 1; 0 7|0 1@y\ «7 57 | O 20 | 39 19 
60 300 | 4 20 | 0 6} 0 anf] .8 37 | 0 22 135 8 
66 294; 4 37° | 0 5 | 0 23 | 9 14/0 24 | 28 58 
(%2 288 | 4 51 | 0 4/0 24) 9 46 | 0 26 | 22 45 
78 282 | 5 2; 0 3 | 0 25)| 10 13 | 0 28 | 17 35 
84 276 £5 by 0 210 26 | 10 35 | 0 30 | 11 23 
90 270 | 5 14 | 0 1/0 26 | 10 51°} 0 sl | 4 40 
93 267 | 5 15)| 0 0; 0 27 |; 10 57 | 0 B1 jo. 8 
Subtraction Addition 
96 264 | 5 16 | 0 1/0 2m | ii 0} 0 32 }3 52 
99 261! 5 15 | 0 I |8 27 | ill 210 32 | 5 9 
102 258 | 5 14 | 0 210 28 | 11 3} 0 32 | 8 26 
105 259 fe 5 12:| 0 2 | 0 28 | ll 1|0 33 | 11 43 
108 252 5 910 3 | 0 29°; 10 59 | 0 33 | 15 0 
111 249 | 5 5 | 0 4/0 29 | 10 53 | 0 33 | 17 49 
114 246 | 5 0/0 5 | 0 30 | 10 45 | 0 34 | 20 37 
117 243 | 4 54 | 0 5 | 0 30 | 10 35 | 0 34 | 23 26 
120 240 | 4 47 | 0 6 | 0 30 | 10 24 | 0 34 | 26 15 
123 237 | 4 39 | 0 6 | 0 29 | 10 10 | 0 33 | 29 4 
126 234 | 4 10 | 0 7 | 0 29 | 9 54 | 0 33 | 31 52 
129 231), 4 20 | 0 7 | 0 28 | 9 36 | 0 32 | 34 41 
132 228 | 4 9/0 8 | 0 28) 9 16 | 0 o2 | 37 30 
135 225 | 3 58 | 0 8 | 0 27} 8 54 | 0 31 | 40 19 
138 222 tad 46 | 0 8 | 0 26; 8 30 | 0 30 | 43 7 
141 219} 3 33: | 0 8 | 0 25; 8 4/0 28 | 45 28 
144 216} 3 20 | 0 rio 234) 7 36 | 0 26 | 47 49 
147 213 | 3 6 | 0 7 | 0 22)|. 7 6 | 0 25 | 49 42 
150 210 | 2 51 | 0 6 | 0 2ty 6 34 | 0 23 5g 31 
153 207 |. 2 36) 0 6) 0 19°} 6 0,0 21 | 52 58 
156 204 | 2 20 | 0 5 | 0 fy! 5 24 | 0 19 | 54 22 
159 ZO! fa 2 4/0 5 | 0 15 | 4 47 | 0 17 | 55 47 
162 198 |} 1 47 | 0 4/0 13 | 4 9; 0 15 | 57 11 
1695 195 } 1 30 | 0 3 | 0 Ity| 3 29°; 0 13 | 57 40 
168 £02 Trl 13 | 0 2/0 9} 2 49 | 0 10 | 58 13 
171 189 | 0 55 | 0 2/10 er} 2 7 | 0 8 | 58 40 
174 186 | 0 37 | 0 1; 0 5} 1 25 | 0 5 | 59 4 
177 183 | 0 18 | 0 1/0 Bri 0 43 | 0 3 | 59 32 
180 180 | 0 0.| 0 0/0 at! G0 0) 0 0 | 60 0 
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11. TABLES FOR THE ANOMALIES 
MARS, Apogee, 16°40’ within the Crab 


1 2 3 4 rs) 6 os 8 
Differences Addition- 
Common Longitudinal of Differences | Subtraction | Differences | Sixtieths 

Numbers Addition- Addition- of of of of 
Subtraction | Subtraction | Subtraction| Anomaly | Addition | Subtraction 
6 354 |} 1 010 510 8| 2 2410 9 | 59 53 
12 348 | 2 0/0 10 | 0 16; 4 46 | 0 18 | 58 59 
18 342 | 2 58 | 0 15 | 0 24 | 7 8 | 0 28 | 57 51 
24 336 | 3 56 | 0 20 | 0 33 | 9 30 | 0 3/7 | 56 36 
30 330 | 4 52 | 0 24 | 0 42 | lil 51 | 0 46 | 54 34 
36 324] 5 46 | 0 27 | 0 51 | 14 11 | 0 56 | 52 T1 
42 318 | 6 39 | 0 2e*| 0 | 16 29+) 1 6 | 49 28 
48 Ole i 7 28 | 0 2911 9 | 18 46/1 16 | 46 a. Wf 
54 306 | 8 14/0 28 |} 1 18 | 21 0) 1 28 | 42 38 
60 300 | 8 57 10 Zit 1 2Y | 23 i=) 1 40 | 38 8 
66 294} 9 36 | 0 24 {1 37 | 25 Ze) 1 53 | 33 26 
q2 288 | 10 9/0 20-4 1 49 | 27 20m 2 6 | 28 20 
78 282 | 10 38 | 0 la} 2 1 | 29 oz | 2 19 | 22 47 
84 2/6 } II 210 10-| 2 14 | 31 30 | 2 33 | 16 33 
90 270 | 11 19 | 0 4/}2 28 | 33 aon 2 45 | 10 5 
93 267 | ii 20) 0 0;2 + 35] 34 134} 2 OE ONG 34 

Subtraction 
96 264 | 11 29 | 0 412 42 | 35 oS 6 PS 3 
Addition 

99 261 } 11 32 | 0 64 2 49 | 35 56 | 3 15 | 0 5) 
102 258 pil 32 | 0 12°| 2 06 | 36 43 | 3 25 °° 13 
105 200 | 11 31 | 0 16=| 3 4 | 37 27 | 38 36 | 6 1 
108 22 Wed 1 28 | 0 19 | 3 13 | 38 913 47 | 8 49 
111 249 ; Il ¥ 722"1 0 Ze 3 22 | 38 48 | 3 58 | 11 44 
114 246 | 11 14 | 0 20} 3 je | 39 24 | 4 9} 14 38 
117 243 | 11 9 | 0 28 | 3 43 | 39 56 | 4 21 |} 33 
120 ‘240 | 10 53 | 0 31 | 3 04 | 40 23 | 4 39 | 20 27 
123 237 | 10 39 | 0 33 | 4 4 | 40 44) 4 50 | 23 35 
126 234 | 10 23 | 0 35 | 4 14 | 40 59 1 5 o | 26 42 
129 231 | 10 4/0 37 | 4 24 | 41 745 21 | 29 31 
132 228 | 9 42 10 39 | 4 35 | 41 on 5 37 | 32 20 
135 225 | 9 21°") 0 40 | 4 45 | 41 2°) 5 50 | 35 9 
138 222 18 55 | 0 Al | 4 56 | 40 45 | 6 14 | 37 58 
141 219 |"=8 2Hu) 0 41 | 5 7 | 40 16 | 6 34 | 40 35 
144 Zio | 7 59 | 0 41 | 5 18 | 39 of | 6 53 | 43 12 
147 213 |—7 27 | 0 41/5 28 | 38 40 | 7 12 | 45 26 
150 210 }=6 54 | 0 38 | 5 34 | 37 2o"| 7 30 | 47 39 
153 207 | 6 19 | 0 36 | 5 38 | 35 52-| 7 45 | 49 50 
156 204 | 5 41 | 0 30*| 9 38 | 33 58 || 7 58 f\pe 1 
159 201 15 3 | 0 a0%| 5 34 | 31 30 | 8 3 | 53 47 
162 198 | 4 22 | 0 2141 5 18 | 28 a04| 7 58 "D5 32 
165 195; 3 41 | 0 23 | 4 of | 25 6") 7 47 | 56 44 
168 Te2°- 2 58 | O 19 | 4 18 | 21 0] 7 6 | 57 55 
171 189 | 2 14 | 0 15 j 3 32 | 16 29°] 5 59 | 58 49 
ig 4 186 | 1 30 | 0 10 | 2 2p) il 19 | 4 26 | 59 43 
15 183 |} 0 45 | 0 aid ie} 5 45 | 2 20 | 59 52 
Oi @ 0; 0 0 | 0 0; 0 0} 0 0 | 60 0 
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11. TABLES FOR THE ANOMALIES 
VENUS, Apogee, 16°10’ within the Bull 
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1 2 
Common 
Numbers 
6 354 
12 348 
18 342 
24 336 
30 330 
36 324 
42 318 
48 312 
54 306 
60 300 
66 294 
re 288 
78 282 
84 276 
90 270 
93 267 
96 264 
99 261 
102 258 
105 200 
108 252 
111 249 
114 246 
117 243 
120 240 
123 237 
126 234 
129 231 
132 228 
135 225 
138 222 
141 219 
144 216 
147 ole 
150 210 
153 207 
156 204 
159 201 
162 198 
165 195 
168 192 
171 189 
174 186 
27 183 
180 180 
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Longitudinal 
Addition- 
Subtraction 


NONNNON NKR RK eR BH eS Oooo 
a 
oo 


Sooooceoo0 OC & kt ee ks et ks ket et eS eS ee bh ot bb bt bb bo bo bf bb 
oy) 
we) 


4 7) 6 7 
Differences Addition- 

of Differences | Subtraction | Differences 
Addition- of of of 
Subtraction | Subtraction | Anomaly | Addition 
0 1/0 hj 2 pial 0 2 
0 Tos}, ‘0 3] 5 B30 4 
0 1/0 5} 7 3110 6 
0 210 7 | 10 4} 0 8 
0 2/0 9 | 12 30 | 0 10 
0 210 11 | 14 58 | 0 12 
0 3 | 0 aa 7 25 | 0 14 
0. 3 | 0 15 | 19 ol |, 0 16 
0 3 | 0 18 | 22 14) 0 18 
0 210 20 | 24 38 | 0 20 
0 Z| 0 22 | 26 of 10 23 
0 210 24 | 29 14 | 0 25 
0 is a, Bi | ol 27 | 0 28 
0 Pe 0 29 | 33 38 | 0 30 
0 P|. 0 31 | 35 44 | 0 33 
Subtraction 
0 0; 0 33 | 36 40 | 0 36 
0 Fo..0 35 | 37 43 | 0 38 
0 1,0 38 | 38 40 | 0 40 
0 Ba 0 40 | 39 30 | 0 43 
0 1/0 42 | 40 207) 0 45 
0 0 45 | 41 20") 0 47 
0 1; 0 47 | 42 9] 0 50 
0 2|0 49 | 42 54 | 0 o2 
0 2/10 52 | 43 35 | 0 95 
0 2/10 54 | 44 12 | 0 58 
0 210 57 | 44 45,1 1 
0 2.4 1 0 | 45 14} 1 4 
0 2+ 1 3} 45 36 | 1 8 
0 SA 1 6 | 45 Sie d 11 
0 34| 1 10 | 45 55 | 1 14 
0 o| I 14 | 45 ov | I 18 
0 | 1 19 | 45 45 | 1 22 
0 m1 24 | 45 20; 1 27 
0 ou | 29 | 44 40 | 1 32 
0 aut 33 | 43 39 | 1 38 
0 ail 37 | 42 19} 1 43 
0 on 1 39 | 40 28 | 1 58 
0 2-1 41 | 38 (aie! 51 
0 Ae 42 | 35 ft | 52 
0 po I 38 | 31 24 1,1 50 
0 fu 1 31 | 26 46) 1 43 
0 1; 1 19 | 21 Lom 7 27 
0 1/;0 58 | 14 47 |} 1 5) 
0 1;0 Deh 7 38 | 0 35 
0 0/0 0; 0 010 0 


8 
Sixtieths 
of 

Subtraction 
59 10 
57 05 
56 40 
DO 0 
52 5 
49 35 
45 50 
42 5 
37 5 
3l 40 
26 i15) 
20 25 
14 30 
8 20 
1 40 
Addition 

1 ol 
4 42 
7 39 
10 35 
Le 32 
16 28 
19 25 
22 21 
25 18 
28 14 
31 0 
33 44 
36 18 
38 50 
41 11 
43 32 
45 42 
47 51 
49 a1 
51 23 
4 46 
54 8 
55 18 
56 26 
| 28 
58 26 
59 1 
59 36 
59 58 
60 0 
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1 2 

Common 

Numters 

6 354 
12 348 
18 342 
(24 336 
30 330 
36 324 
42 318 
48 312 
54 306 
60 300 
66 294 
72 288 
78 282 | 
84 276 
90 270 
93 267 
96 264 
99 261 
102 258 
105 255 
108 252 
YN 249 
114 246 
117 243 
120 240 
123 237 
126 234 
129 231 
132 228 
135 e250 
138 222 
141 219 
144 216 
147 213 
150 210 
153 207 
156 204 
159 201 
162 198 
165 195 
168 192 
171 189 
174 186 
077 183 
180 180 


3 


Longitudinal 


Addition- 
Subtraction 
18 
34 


DONNDK KKH KH OOo 
bo 
bo 


bo 
(ow) 
WS 


DOOD OCO OR HP HB HB HBP REP EP NNNNNNNNNNNNNNNNNNWD WD 
— 
CO 
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11. TABLES FOR THE ANOMALIES 
MERCURY, Apogee, 1°10’ within the Balance 


4 
Differences 
of 
Addition- 
Subtraction 


OrwrP Oo PN 


d 


SCnooceoeeoeooee 
Qu 
at 
=. 
ie) 
PI 


cocoocoocoocooocoocoocococoocooooocooooooocwrwro°oecoc][“[( 


COCO OKR RF RE NNNWWHE KPO OAIN OOO CO 


4 6 
Addiiion- 
Differences | Subtraction 
of of 
Subtraction | Anomaly 
0 10 1 38 
0 20 3 16 
0 22 4 Da 
0 39 6 29 
0 49 8 4 
0 59 9 » 386 
1 8/111 6 
1 18 |} 12 . 33 
1 28 | 13 58 
1 Be | 15 18 


— 
ay 
co 
— 
ep) 
Oo 
is©) 


1 59 | 17 43 
2 21) 8 47 
2 19 | 19 44 
2 29 | 20 33 
2 34 | 20 54 
2 39 | 21 14 
2 44 | 21 29 
2 48 | 21 42 
2 53 | 21 52 
2 58 | 21 59 
3 2} 22 2 
3 4 | 22 1 
3 6 | 21 56 
3 8 | 21 47 
3 2 2 33 
3 Me | 21 15 
3 12 | 20 53 
3 12 | 20 25 
3 a) 50 
3 G | 19 10 
3 2} 18 24 
2 pe |. b7 32 
2 ol | 16 35 
2 42 | 15 ol 
2 o2 | 14 20 
2 21 | 13 3 
2 9} 11 41 
iE 53 | 10 13 
1 38 | 8 40 
1 LD | ea? 1 
1 ¥|,5 19 
0 42) 3 39 
0 Z| «1 48 
0 0. | gO 0 


oooooocqcococo 


7 
Differences 


of 

Addition 

5) 
11 
17 
23 
28 
34 
40 
45 
50 
56 


— 
aS 


Ooooodoewere Bee eB KR RP NNN NNNK KP KR RR BR eR Re ee eee 


8 
Sixtieths 
of 

Subtraction 
59 20 
57 20 
54 40 
50 40 
45 40 
39 40 
33 0 
2% 40 
18 0 
10 20 
2 20 

Addition 
9 14 
20 0 
29 44 
39 28 
43 31 
47 34 
50 0 
52 26 
54 52 
57 18 
58 23 
| 59 28 
59 44 
60 0 
59 44 
59 23 
58 39 
57 50 
56 46 
55 41 
54 3 
52 26 
50 48 
49 11 
47 34 
45 57 
44 36 
43 15 
42 26 
41 37 
40 48 
40 0 
39 44 
39 28 


BOOK TWELVE 


1. On THE PRELIMINARIES TO THE REGRESSIONS 


Now that these things have been demonstrated, it would follow that the 
greatest and least regressions for each of the five planets be examined and that, 
from the given hypotheses, their sizes be shown as much in accord as possible 
with those gotten from observations. 

For the understanding of this, the other mathematicians and Apollonius of 
Perga first demonstrate, as in the case of the one anomaly relative to the sun, 
that if it is taken care of according to the epicyclic hypothesis (with the epi- 
cycle making its longitudinal passage eastward about the circle concentric 
with the ecliptic and with the star on the epicycle making its anomalistic 
passage about its centre eastward from the apogee), and if a straight line is 
drawn from our eye cutting the epicycle in such a way that the half of its 
segment intercepted within the epicycle has to the straight line from our eye 
to its intersection at the epicycle’s perigee the ratio which the speed of the 
epicycle has to the speed of the star, then the point produced by the straight 
line so drawn on the epicycle’s perigeal arc divides the progressions and re- 
gressions so that the star at the point itself makes the appearance of a station. 

If the anomaly relative to the sun is taken care of by the hypothesis of ec- 
centricity (this can be done only in the case of the three stars capable of any 
elongation from the sun), with the eccentric’s centre carried eastward about 
the ecliptic’s centre at a speed equal to the sun’s and with the star moving on 
the eccentric about its centre westward at a speed equal to the anomalistic 
passage, and if a straight line is drawn to the eccentric circle through the 
ecliptic’s centre (that is, through our eye), in such a way that one-half of the 
whole line has to the lesser of the segments produced by our eye the ratio 
which the eccentric’s speed has to the star’s speed, then the star at the point 
at which the straight line cuts the eccentric’s perigeal arc will make the ap- 
pearance of stations. 


Editorial Note. This second theory for the three planets capable of any elongation from 
the sun is not mentioned anywhere else in the Almagest. It is of greater importance 
than it might at first seem. For it is almost equivalent to the conversion theorem by 
which one passes from the Ptolemaic theory to the Copernican theory of the outer 
planets. The ratio of the radius of the circle the eccentric’s centre moves on to the 
eccentric’s radius is the same as that of the epicycle’s radius to the radius of the deferent 
in the epicyclic theory. This is apparent from the theorem which follows in the text. 

Since this equivalence is so important we shall proceed to give its proof, and then 
show the immediate resemblance to the conversion theorem. We shall ignore the anomaly 
of the equant and deferent in this. 

Let us consider the epicyclic theory first. Suppose the planet first at A, and then at C. 
Then angle AEB is the angle of longitude, and angle DBC the angle of anomaly. And 
angle AKC is the angle of apparent distance between the two positions of the planet. 
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Now A 


angle AEC = angle AEB = angle BEC 
angle AEB = angle CBD — angle BCE 
since 


angle CBD = angle BCE + angle BEC. ip: 
Let us next consider the eccentric hypothesis. Let fad 
K’E’, the radius of the circle on which the eccentric’s © IN 
centre moves, be equal to the epicycle’s radius; and I a 


let A’K’, the eccentric’s radius, be equal to the de- e, 
ferent’s radius. Let the planet be first at A’ and 
Ka then at C’. Now, 
according to the 
hypothesis, angle 
A’E'D’ is equal to 


the angle of the 
mean sun’s mo- 
tion, angle C’B’D’ is equal to the angle of anomaly, 
ry i a and angle A’E’C’ is the angle of apparent distance. 
te, 


— 
nots ue pe rer, shod 
A'E’D’ — angle B’C’E’. 


And, since angle of mean sun’s movement minus the 
angle of anomaly is equal to the angle of longitude, 
therefore 
angle of longitude = angle A’H’D’ — angle 
C’E'B’ — angle B’C’E’. 


angle A’E’C’ = angle A’E’D’ — angle C’E’B’ 
= angle of longitude + angle C’B’D’ — angle C’E’B’, 
But because triangle Z’B’C’ is congruent with triangle EBC in the epicyclic hypothesis, 


therefore angle C’E’B’ = angle BCE, 


and angle A’E’C’ = angle AEC, 
because angle AFB represents the angle of longitude in the epicyclic hypothesis. Hence 
the angle of apparent distance is the same in both hypotheses. 

The step from this last hypothesis to the Copernican is fairly immediate. The centre 
of the planet’s eccentric moves eastward about the earth at the rate of the mean sun. 
Suppose, then, that the earth moves about the centre of the planet’s eccentric at the 
same rate: nothing will be changed in the appearances. And then the centre of the 
planet’s eccentric would be the mean sun. Then suppose the planet to move about the 
eccentric’s centre at the rate of the longitudinal movement. We can now demonsirate 
the equivalence of these last two hypotheses. 

Thus suppose the earth first at H and the planet first at 


A 
A; then the earth at D moving about K at the rate of the 
mean sun and the planet at C moving about K at the 
mean longitudinal rate of the planet. Thus angle HKD is 


the movement of the mean sun, angle AKC the longi- c Kiet, 

tudinal movement of the planet, and angle ARC the ap- tS 

parent distance between the two positions of the planet. ory 
de angle HKD — angle XKC = angle AKC. 

But since angle EKD is the mean sun’s movement and 

angle AKC the longitudinal movement, and since the 


sun’s mean movement minus the anomalistic movement 
is equal to the longitudinal, therefore angle XKC is the 


Hence 
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angle of anomaly. Hence angle CKD equals C’B’E’ of the hypothesis of the stationary 
earth, since in both cases these angles are 2 right angles minus the anomalistic angle. 
Hence the two triangles CKD and C’B’E’ are congruent and 
But angle CDK = angle C’E’B’, 

angle ARC = angle AKC + angle DCK 

= angle AKC + angle CKX — angle CDK 

And, since angle AKC is the angle of longitude and angle CKX that of anomaly, there- 
fore angle ARC = angle A’E’C’ 
of the former hypothesis. And so in both hypotheses the apparent distances are the 
same, and they are equivalent for saving the appearances. 

The equant and deferent of the Ptolemaic hypothesis is taken care of in the Copernican 
by making the planet’s orbit eccentric to the mean sun and putting the planet on a small 
epicycle. The proportions are given without explanation by Copernicus in Book V of 
The Revolutions of the Celestial Spheres. Their equivalence will be explained in Appendix 
B to this book. . 

The passage from the Ptolemaic to Copernican hypothesis for Venus and Mercury is 
immediately evident. Hence it is not too daring to say that this hypothesis of eccentricity 
for the other planets indicates how the Greeks handled their heliocentric theories, no 
different from the manner of Copernicus. It is not a vague statement Ptolemy is making 
when he says in Book I of this treatise that the heliocentric theory is simpler for saving 
astronomical appearances. R. C. T. 

Nevertheless we also shall set out briefly and more carefully the required 
point, using a common proof combined from both hypotheses for showing the 
accord and similarity in their ratios. 

Let there be the epicycle ABCD about centre E, and let AEC be its diameter 

A drawn to F, the ecliptic’s centre or our eye. With arcs 
CG and CH cut off equal on either side of the perigee C, 
let FGB and FHD be drawn from F through points G 
and H. And let DG and BH be joined, cutting each other 
at point K which will clearly fall on the diameter AC. 

We say first that 

LY Sh ones Be ee Matic 

For let AD and DC be joined. And through C parallel 
to AD let LCM be drawn, clearly at right angles to DC, 
since angle ADC is also right. Now since 

angle CDG=angle CDH, 
therefore 
CL=CM. 
And therefore 
AD:CL::AD:CM. 
But 
AD Crear Cr, 


and 
AD °er * AK: CK, 


And therefore 


Abe LCHe AR CR. 

Therefore, if we conceive the epicycle ABCD as the eccentric in the hypo- 
thesis of eccentricity, the point K will be the ecliptic’s centre and the diameter 
AC will be divided by it in the same ratio of the epicyclic hypothesis, since 
we showed that, for the epicycle, whatever ratio the greatest distance AF has 
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to the least distance CF, that ratio, for the eccentric, the greatest distance AK 
has to the least distance CK. 
And we say that also 
DEO FA PSB : WK. 
For in a similar drawing let there be joined the straight line BND Fit m at 
right angles to diameter AC; and from H let HX be 
drawn parallel to it. 


Since, then, 
BN=DN; 
therefore 
BN :HX::DN: HX. 
But 
DN :HX:: DF :FH, 
and 


BN :HX::BK: HK. 
And therefore 
DF: FH::BK:HK. 
And componendo 
DPE REPS FIP YS BIT FY: 
and dividendo, with the perpendiculars EO and EP 
drawn, 


FO:FH::HP:HK. 

And further, separando, F 

HO FoF HES PEP: 
If therefore, in the epicyclic hypothesis, DF has been so drawn that 
HO: FH :: epicycle’s speed : star’s speed, 

then, in the hypothesis of eccentricity, KP will have to HK the same ratio. 
And the reason for not having used here, for the stations, the separated ratio 
(that is, the ratio of KP to HK) but the unseparatéd ratio (that is, the ratio of 
HP to HK) is that the epicycle’s speed has to the star’s speed the ratio which 
the longitudinal passage alone has to the anomalistic; but the eccentric’s speed 
has to the star’s the ratio which the sun’s mean passage (that is, the star’s longi- 
tudinal and anomalistic passages combined) has to the anomalistic. And so, for 
example, in the case of Mars, the ratio of the epicycle’s speed to the star’s speed 
is very nearly 42 to 37. For we demonstrated the ratio of the longitudinal pas- 
sage to the anomalistic to be very nearly that. And, therefore, HO to FH is in 
; that ratio. But the eccentric’s speed to 
the star’s speed is that of the sum 79 to 
37 (that is, of the combined HP to HK) 
since the separated ratio of KP to HK 
4 was the same as the ratio of HO to FH 

that is, as the ratio of 42 to 37. 
Let us consider the things up to this 
point as preliminary theorems. It is left 
E « to show that, when the straight lines 
taken in either hypothesis are divided in 
this ratio, then the points G and # will 
embrace the appearances of stations, and 
C D ® the arc GCH is necessarily regressive and 
the rest progressive. And Apollonius first 
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takes this little lemma that, if, in the triangle ABC having BC greater than AC, 
CD is cut off not less than AC, then 
CD :BD>angle: ABC angle BCA. 

And he proves it in this way. For, he says, let the parallelogram ADCE be 
completed, and let AB and CE produced meet at point F’. Since AZ is not less 
than AC, the circle drawn about centre A and with radius AZ will pass either 
through C or beyond C. Then let the circle GEC be drawn through C. 


And si 
ii A trgl. AEF >sect. AEG, 
and 
trgl. AEC <sect. AEC, 
therefore 
trgl. AEF : trgl. AEC >sect. AEG : sect. AEC. 
But 
7 sect. AEG : sect. AEC: : angle HAF : angle EAC, 
and 
trgl. AEF : trgl. AEC :: base EF : base CE; 
therefore : 
EF :CE>angle HAF : angle EAC. 
But 
EF :CE ::CDe-BD, 
and 
angle HAF =angle ABC, 
angle HAC =angle ACB. 
Therefore 


>BD>angle ABC : angle ACB. 

And it is evident that the ratio will be much 
greater if CD or AE is not supposed equal to AC, 
but greater. 

Now, with this first understood, let there be the 
epicycle ABCD about centre # and diameter AKC. 
And let the diameter be extended to point F our eye 
in such a way that 

CE : CF>epicycle’s speed : star’s speed. 
Therefore it. is possible to draw through straight line 
FGB in such a way that 

half BG : FG : : epicycle’s speed : star’s speed.! 
If, because of things already proved, we take arc AD 
equal to arc AB and join DHG, then point H in the 
hypothesis of eccentricity will be conceived as our 
eye and 

half DG: HG : : eecentric’s speed : star’s speed. 

Then we say that the star at point G, in either hy- 
pothesis, will effect the appearance of a station; and, 
whatever arc we take on either side of G, we shall find 
the are taken towards the apogee progressive and 
that towards the perigee regressive. 

For first let there be cut off an arc at random KG 


1For BG takes on every magnitude between C'A and nothing, and FG increases from FC 
to the length of the tangent from F to the epicycle. Therefore the ratio of half BG to FG can 
be any ratio less than CE to CF. This can be proved on Euclidean principles similar to, and 
yet different from, those of Dedekind. 
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towards the apogee. And let FAL and KHM be drawn through; and let BK 
and DK, and also EK and EG, be joined. Since, then, in triangle BKF, 


BG>BK, 
therefore 
BG : FG >angle GFK : angle GBK. 
And so also 
half BG: FG>angle GFK : 2 angle GBk, 
>angle GFK : angle GEK. 
But 
half BG : FG : : epicycle’s speed : star’s speed; 

therefore 


angle GFK : angle GEK <epicycle’s speed : star’s speed. 
Therefore the angle, having to angle GHK the same ratio as the epicycle’s speed 
to the star’s speed, is greater than angle GFK. Then let it be angle GFN. 
Since, then, while the star moves through the epicycle’s arc KG, the epicycle’s 
centre has made a passage in the contrary direction equal to the distance from 
FG to FN, it is evident that in the same time the epicycle’s arc KG has carried 
the star westward through an angle at our eye GFK less than that through 
which the epicycle has moved it eastward—that is, angle GFN. And so the star 
has progressed through angle KFN. 
Likewise also, if we reason it out with the eccentric circle, since 
BG : FG@>angle GFK : angle GBK, 
therefore componendo 
BF: FG>angle BKL : angle GPK. 


But 
BF: FG::DH:GH, 
and 
angle BE L=angle DKM,} 
angle GBK =angle GDK. 
Therefore 


DH :GH>angle DKM : angle GDK. 
And so also componendo 
DG :GH >angle GHK : angle GDK; 
and therefore dividendo 
half DG : GH >angle GHK : 2 angle GDK, 
>angle GHK : angle GEK. 
But 
half DG : GH : : eccentric’s speed : star’s speed; 
therefore 
angle GHK : angle GEK <eccentric’s speed : star’s speed. 
Therefore the angle, having to angle GEK the same ratio as the eccentric’s speed 
to the star’s speed, is greater than angle GH K. Then again let it be angle GHN. 
Since, then, in the same time, the star itself describing arc GK has traveled 
westward angle GEK, and is carried eastward by the eccentric’s movement 
through angle GHN which is greater than angle GHK, it is evident that the 
star will thus appear to progress through KHN. 
1For arc LB is equal to arc DM, since, in the eccentric theory, the star moves on the ec- 


centric according to the anomalistic speed—that is, as the star moves on the epicycle in the 
epicyclic theory. 
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It can be seen at once that by the same means the contrary will also be 
shown, if in the same drawing we suppose 
half KL : FK :: epicycle’s speed : star’s speed, 
so that 
half KM : HK :: eccentric’s speed : star’s speed, 
if we conceive are GK as having been cut off in the 
direction of the perigee from straight line #L. For, 
with LG joined and producing triangle LFG in which 
FK is cut off greater than 7G, 
KL:FK<angle GFK : angle GLK. 
And so also 
half KL: FK <angle GFK : 2 angle GLK 
<angle GPK : angle GEK, 
conversely to what was shown before. By the same 
means the contrary can be concluded that 
angle GEK : angle GFK <star’s speed : 
epicycle’s speed, 
and 
angle GEK : angle GHK <star’s speed : 
eccentric’s speed. 
And so, since an angle greater than angle GEK would 
have the same ratio, therefore the regressive shift 
would turn out greater than the progressive. 
For those distances where CE does not have to CF 
a ratio greater than the ratio of the epicycle’s speed to the star’s speed, it is 
evident that it will not be possible to draw another line through in the same 
ratio, nor will the star appear to pause or to regress. For since, in triangle 
EKF, the straight line CE is not cut off less than EK, therefore 
angle CFK : angle CEK <CE: CP. 


But 
CE : CF >epicycle’s speed : star’s speed; 
therefore 

angle CFK : angle CEK <epicycle’s 

speed : star’s speed. 

And so, since we have shown the star to 
progress wherever this happens, we shall 
find no arc of the epicycle and eccentric 
for which it will appear to regress. 


2. DEMONSTRATION OF SATURN’S 
REGRESSIONS 


With these things so, we shall finally 
set out the calculation of the regressions 
for each of the stars in accordance with 
the hypotheses already demonstrated, be- 
ginning with Saturn in this way. 

Let the circle bearing the epicycle’s 
centre be the circle AB about diameter 
ACB, on which let the ecliptic’s centre 
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or our eye be supposed. And with the epicycle DEFG drawn about centre A, 
let the straight line CFE be drawn through in such a way that, if AH is drawn 
perpendicular to it, then 
half EF or FH : CF : : epicycle’s speed : star’s speed. 

And first let the epicycle be supposed in the position of the mean distance so 
that the periodic movements of longitude and anomaly are very nearly the 
same as those considered with respect to the ecliptic’s centre. 

Now since, in the case of Saturn, we showed 

epic. rad. AD=61%? 

where the mean distance AC’ equals 60°, 
so that, by addition, 


CD=66°30', 
and, by subtraction, 
CG = 53°30’, 
and 
rect. CD, CG =3,557°45’, 
and 


rect. CD, CG=rect. CE, CF, 

therefore we shall also have 

reétreCE, CF =3,55/"45’. 

Again, since, according to the mean passages, 
star’s speed or CF = 28°25’ 46” 
where 
epicycle’s speed or FH = 1?, 
so that, by addition, 
CE = 30°25'46” 

and 

rect. CE, CF =865°5/32”, 
therefore, if we apply [divide] 3,557°45’ to [by] 865°5/32”, take the square 
root 2°1’40” of the 4°6’45” resulting from the application, and multiply it 
by the number 1? of FH and the number 28°25’46” of CF, then we shall have 

hi 22140" 
and 
CF = 57°38'55” 

where 

rect. CE, CF =3,557°45’. 

Then, since with AF joined, 


FH =2°('40@2 
where 
| AF =6°30’, 
but 
FH =37°26'9” 
where 


AF=120?, 
therefore also, on the circle about right triangle AFH, 
arc FH =36°21/15", 
and 
angle FAH =36°21'15” to 2 rt. 
= 18°10'38”. 
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Again, since by addition 
CFH =59?40/35” 


where 

hypt. CGA =60?, 
and 

CFH = 119°21’10” 
where 


hypt. CGA = 120°, 
therefore also, on the circle about right triangle ACH, 
angle CAH = 168°5’39” to 2 rt. 
= 84°2’50”. 

And therefore we shall also have, by subtraction, from a right angle, 

axtele ACH = 5°37 10”; 
and, by pe ete, of angle FAH, 

angle FAG = 65°52'12”. 

Since, then, at the first station, the star appears along CF and, at the acron- 
ychal opposition, along CG, it is clear that, if the epicycle’s centre were not 
moving eastward, the 65°52’12” of are FG would embrace the 5°57’10” of 
angle ACF in regression. But since, according to the given ratio of the epi- 
cycle’s speed to the star’s speed, very nearly 2°19’ of longitude corresponds to 
the required 65°52/12” of anomaly, from one of the stations to the opposition 
we shall thus have by subtraction 3°38’10” and the 69 days in which the star 
moves very nearly 2°19’ of periodic longitude; and we shall have the whole 
regression of 7°16’20” and 138 days. 

And next we shall examine with the same means the quantities about the 
greatest distance; that is, when the acronychal opposition midway the stations 
puts the epicycle’s centre at the eccentric’s apogee and when each of the stations 
is clearly at a distance somewhere near the 2°19’ demonstrated for the mean 
distance, from the opposition or the apogee of the longitude truly determined.! 
At this position the straight line AC of the distance for that time is taken as in- 
distinguishable from the greatest, because of theorems already given by us; and 
an addition-subtraction of very nearly 0°6/30” is taken as corresponding to 1° 
of longitude. And so the longitude truly determined to the anomaly truly de- 
termined—that is, the epicycle’s apparent speed at that time to the star’s ap- 
parent speed? is in the ratio of 0°53’30” to 28°32’16”. 

Now, with the same drawing set out, since, being no different from the great- 
est distance, 

AC’ =63°25’ 

1To find the longitude truly determined—that is, the change of the epicycle’s centre for a 
particular part of the ecliptic—Ptolemy here uses the same method as for the moon in Book 
VI, Chap. 4. Going to the Tables of Anomaly in Book XI, we find that for the first 6° in mean 
longitude there is, in the third column, an addition-subtraction of 0°37’ due to the epicycle’s cen- 
tre being moved regularly with respect to an equant not concentric with the ecliptic. This addi- 
tion-subtraction is taken as if the equant and deferent were the same. But in the fourth 
column we find an addition of 0°2’ due to their not being the same. Hence there is a difference 
of 0°39’ for 6° of the mean longitude, or a difference of 0°614’ for each 1° of mean longitude. 
Therefore, while the epicycle’s centre makes a mean movement of 1°, at this part of the 
ecliptic it makes an apparent movement of only 0°5314’. 

2The anomaly truly determined or star’s apparent speed on the epicycle is the star’s speed 
taken over a certain distance relative to the epicycle’s apparent apogee and perigee rather 
than its regular apogee and perigee. In planetary theory, the apparent apogee is that defined 
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where 
ecc. rad. AD =6°30’; 


and since for that reason, by addition, 7 


CP = 69°55" 
and, by subtraction, 

CG = 56°55’ 
and 


rect. CE, CF=rect. CD,CG 
= 3,979°25'25" ; 
and since 
star’s speed or CF = 28°32’16” 

where it is supposed 

epicycle’s speed or FH =0?53’30” 
and, by addition, 

CE =30°19'16” 

and 


rect. CE, CF =865°17’50” 
therefore, if again we apply [divide] 3,979°25’25” to [by] 865°17'50”, and if we 
multiply the square root 2°8’40” of the 4°35’56” resulting from the application 
by the 0°53’30” of straight line FH and the 28°32’16” of CF each separately, 


then we shall have 


FH =1°54'44", 
AC = 63°25’, 
CF =61°11'52”, 


and, by addition, 


where 


CH = 63°6'36” 


And therefore AF =6°30’. 
FH =35°18’9” 


with respect to the ecliptic’s centre or the earth; the regular apogee is that defined with 


respect to the equant’s centre. 


If, now, we wish to get the star’s speed from 
a station preceding the perigee to an acronychal 
opposition at the greatest distance, consider the 
figure where EF is the ecliptic’s centre, D the 
equant’s centre, and F the apogee of eccentricity. 
Furthermore, A is the epicycle’s regular perigee 
and B its apparent perigee. Now consider the 
star moving on the epicycle toward A from the 
side opposite B, while the epicycle’s centre C 
moves toward F. But as C moves towards F, 
the apparent apogee B moves towards the regular 
apogee A. Hence the star moves faster toward B 
than it does toward A. But its regular anomalis- 
tic movement is with respect to A, and therefore 
we add the difference of angle ACB to the regular 
anomalistic movement for the period of longitudi- 
nal movement from C to F, or, as we found above 
for Saturn, an average of 0°614’ for each 1° of 
mean longitude and for each 0°5314’ of longi- 
tude truly determined. 

About the least distance, the difference of ap- 
parent anomaly is subtractive for the same 
reasons. 
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where 

hypt. AF=120?; 
and 

CH =Tre72Z5 11” 
where 


hypt. AC ='120°. 
And therefore, on the circle about right triangle AFH, 
arc FH =34°13/4"; 
and, on the circle about right triangle ACH, 
arc CH = 168°43’38”. 
And therefore 


angle FAH =34°1374” to 2 rt. 


= 17°6/32”; 
and 
angle CAH = 168°43/38” to 2 rt. 
= 84°21'49”. 
And so, by subtraction, we would have 
angle ACH =5°38'11” 
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as the angle from one of the stations to the opposition, if the epicycle did not 
lag behind the regression; and, by subtraction, we would have 


angle FAG =67°15/17” 


as the apparent passage on the epicycle for that distance. Since to these angles, 
according to the ratios of the speeds at the apogee, there corresponds 2°6’6” of 
truly determined longitude, we shall have, by subtraction, half of the whole re- 
gression as 3°32’5” and 7014 days in which the star very nearly moves the peri- 
odie 2°21’25” corresponding to the 2°6’6” of truly determined longitude re- 
quired; and we shall have the whole regression as 7°4’10” and 14024 days. 
Again, through similar means and with the same drawing, we shall examine 


: | 
oy 


and 


the quantities about the least distance, 
when the acronychal opposition midway 


_the stations is at the eccentric’s perigee 


and each of the stations is somewhere near 
the given longitudinal distance from the 
opposition or perigee. And AC, the dis- 
tance at that time, is taken in this position 
as not differing from the least distance, 
and the addition-subtraction correspond- 
ing to 1° of longitude is taken as very near- 
ly 0°7'20”. And so here the epicycle’s ap- 
parent speed to the star’s apparent speed 
is in the ratio of 1°7’20” to 28°18/26”, and 
therefore 

CF = 28°18'26” 
where 

FH =1°7'20", 
and by addition 

CE = 30°33’6’, 


rect. CE, CF =864°49’50”. 
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Now since also, not differing from the least distance, 
‘AC=56°35' 


epic. rad. AD =6?30’; 


where 


and therefore by addition 
CD =63°5’ 


CG = 50?5’ 


and by subtraction 


and 

rect. CE, CF =rect. CD, CG 

= 3,159°25'25”, 

therefore, if in the same way we apply [divide] 3,159°25’25” to [by] 864°49’58” 
and, taking the square root 1°54"42” of the 3°39’12” resulting from the applica- 
tion, multiply by the 1°7’20” of the straight line FH and the 28°18’26” of CF, 
each separately, then we shall have 
FH =2°8/43", 
CF =54?6'22”, 


CH = 56°15'5” 


and by addition 


where 
epic. rad. AF =6°30’ 
and, as the distance at that time, ~ 


And therefore AC'= 56035). 
. FH =39°36'18” 


where 

a hypt. HF =120°; 
CH =119°17'46” 

where 


hypt. AC =120?. 
And therefore, on the circle about right triangle AFH, 
arc F-H-=38°32'34’ ; 
and, on the circle about right triangle ACH, 
arc CH = 167°34'54”. 


And so also 
angle FAH =38°32’34” to 2 rt. 
SS Gy kh 
and 
angle CAH =167°34’54” to 2 rt. 
= 830a7' 270". 


And therefore, by subtraction, we shall have 

angle ACH =6°12/33” 
as the angle of regression, due to the star’s speed, from one of the stations to 
the opposition; and, by subtraction, we shall have 

angle FAG= 64°31/10” 
as the angle of the apparent passage on the epicycle at the same Et tele 
Since to this, according to the ratio of the speeds at the perigee, there cor- 
responds the 2°33’28” of the longitude truly determined, we shall have half 
the whole regression of 3°39’5” and 68 days in which the star very nearly 
makes a mean movement of 2°16’45” corresponding to the given 2°33/28” of 
the longitude truly determined; and we'shall have the whole regression of 
7°18/10” and 136 days. 
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3. DEMONSTRATION OF JUPITER’S REGRESSIONS 
In the case of Jupiter, according to the calculations for the mean distance, 
Pee > 18 : 10°18 
and 
Cir Fen, 12°51'29" ; 10°51’29", 
and 
rect. GB, CF = 139°37'39’ ; 
and again 
AC: AD : : 60° : 11°30’, 
and 
€8.: CG »: 71°80’ : 48°30", 
and 
rect. CD, CG =3,467°45’. 
And the square root 4°59'1” of the 24? 
50’9” resulting from the application, mul- 
tiplied by the given ratio of FH and CF, 
makes 
FH =4°59'1’, 
CF= 5406/44", 
aa by addition 
CH = 59°5’45”, 
relative to the given unwapat' of AC and AF. 
And therefore 


FH =52°0'10” 


where 

hypt. AF = 120°; 
and 

CH= 418?11'30% 
where 

hypt. AC =120?. 


And | 
arc FH =51°21'41”, 
are CH = 160°4’55”. 
And accordingly also | 
angle FAH = 25°40'50", 
relay ‘angle CAH =80°2’28". 
And, by subtraction, 
' angle FCA =9°57'32”. 
as the angle of regression due to the star’s speed; and 
angle FAG = 54°21'38” — 
as the angle of the apparent anomaly. Since to this, according to the given ratio, 
there corresponds 5°1'24” of longitudinal passage, half of theregressionis 4°56’8” 
and very nearly 601% days; and the whole regression is 9°52’16” and 121 days. 
But the distance at an interval of 5° from the apogee and perigee is hardly 
less than the greatest and hardly greater than the least. 
According to the calculations near the greatest distance, the addition- 
subtraction of true determination is found to be 0°5’6”. And therefore 
FH : CF : : 0°54'50” ::10°56’39”, 


CE : CF :.: 12°46’19” ; 10°56’39”, 


and 
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and 
; rect. CE, CF =139°46'42”. 
And again 
AC: AD: : 62°45’ : 11°30’, 
and 
CDT CGS 748156" 51°15’, 
and 


rect. CD, CG =3,805°18'45”. 
And the square root 5°13’4” of the 27°13’26” resulting from the application, 
multiplied by the given ratio of FH and CF, makes 
FH =4?46'6”, 
CF =57°6'19", 


CH =61°52'25”, 
relative to the given quantities of AC and AF. 
And therefore also 


and, by addition, 


FH = 4945/23” 


where 

hypt. AF =120?; 
and 

CH =) 18° 10'277 
where 

hypt. AC = 120°. 
and 


arc FH =48°59'34”, 
arc CH = 160°49’36”. 
And consequently 
angle FAH =24°29'47”, 
angle CAH =80°24’48”. 
And, by subtraction, 
angle FCA =9°35'12” 
as the angle of regression due to the star’s speed; and 
angle FAG =55°55’1” 
as the angle of apparent anomaly. Since to this, according to the apogeal 
ratios, there corresponds 4°40/35” of longitude truly determined and 5°6’35” 
of periodic longitude, half of the regression is 4°54’37” and very nearly 61144 
days, and the whole regression is 9°49’14” and 123 days. 
According to the calculations near the least distance, the addition-subtrac- 
tion of true determination is found to be 0°524’. And therefore 
FH : CF :: 1°5/40” : 10°45’49”, 


and ” 
CE : CF : : 12°57’9” : 10°45/49”, 
and 
; rect. CE, CF =139°24'56”. 

And again 

AG Al) oe Lo sale 
and 

CD : CG: : 68°45’ : 45°45’, 
and | 


rect. CD, CG =38,145?18/45”. 
And the square root 4°45’0” of the 22°33’39” resulting from the application, 
multiplied by the given ratio of FH and CF, makes | 
FH =5°?11'55”, 
CF =51°7'38”", 
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and, by addition, 
CH = 56°19'33”, 
relative to the given quantities of AC and AF. 
And therefore also 
FH = 54°14’47” 


where 
hypt. AF =120°; 
and 
CH = 118°3'46” 
where 
hypt. AC = 120°. 
And 


are FH = 53°45'4’, 
arc CH = 159°22’40”. 

And consequently also 

angle FAH =26°52’32”, 

angle CAH =79°41'20’. 

And, by subtraction, 

angle FCA = 10°18’40” 
as the angle of regression due to the star’s speed; and 

angle FAG = 52°48'48” 
as the angle of the apparent anomaly. Since to this, according to the ratios at 
the perigee, there corresponds 5°21’20” of longitude truly determined and 
4°54'20” of periodic longitude, half of the regression comes to 4°57’20” and very 
nearly 59 days; and the whole regression comes to 9°54’40” and 118 days. 


4. DEMONSTRATION OF Mars’ REGRESSIONS 


Again, in the case of Mars, according to the calculations for the mean distance 
Pi CP : 1: OPo2 1s 
and 
Ci SOR Sr Zag 61” + OP52-a1", 
and 
e rect. CH, CF =2°32'15”. 
And again 


\—F, ACAG : : 60° : 39°30’, 
and 


CD: CG : : 99°30’ : 20°30’, 
and 
rect. CD, CG =2,039°45’. 
And the square root 28°21’8” of the 803° 
50’50” resulting from the application, 
multiplied by the given ratio of FH and 
CF, makes 
FH = 28°21'8”, 
CF = 24°58'25”, 
and, by addition, 
CH = 53?19'33”, 
B relative to the given quantities of AC and 


4 


406 PTOLEMY 


And therefore also 
FH =86°8’0” 


where 
hypt. AF =120?; 
and 
CH = 106°39’6” 
where 
hypt. AC= 120». 
And : 


arc FH =91°44'34”, 
arc CH — 120 Zea. 
And consequently also 
angle FAH =45°52'17”, 
angle CAH =62°43’5”. 
And, by subtraction, 
angle FCA =27°16'55” 
as the angle of regression due to the star’s speed; and 
angle FAG = 16°50’48” 
as the angle of the anomaly. Since to this, according to the given ratio, 
there corresponds 19°7'33” of longitudinal passage, half of the regression is 
8°9’22” and very nearly 361% days; and the whole regression. is 16°18’44” and 
73 days. 
But the distance, at the interval of the stations from the apogee and perigee, 
is less than the greatest and greater than the least by very nearly 20 sixtieths. 
And according to the calculations near the greatest distance, the addition- 
subtraction of true determination is found to be 0°1014’ in proportion to 1°. And 
therefore 
FH: CF : : 0?49’40” : 1°3’11”, 


and 
CE. CPx 224231” : 1°3'11%, 
and | 
rect. CH, CF =2°51'8”. 
And again . 
AC : AG: : 65740’ : 39°30’, 
and 
CD :CG@:: 10510’ : 26710’, 
and 


rect. CD, CG =2,751°51'40”. 

And cae square root 31°3’41” of the 964748'47” resulting from the application, 
multiplied by the given ratio of FH and CF, makes 

FH =25042/43”, 

CF =32°42/34’", 
and, by addition, 

CH=bsPin 17 , 
relative to the given quantities of AC and AF. 

And therefore also 
FH =78°6'44” 

where 

hypt. AF =120?; 
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and 
CH = 106°45'36” 
where 
hypt. AC =120?. 
And 


arc FH =81°13’8”, 
arc CH = 125°39'46”. 
And consequently 
honiumateb yin angle FAH =40°36’34”, 
; . angle CAH = 62°49'53”. 
And, by subtraction, 
angle FCA =27°10'7” 
as the angle of regression due to the star’s speed; and 
angle FAG =22°13/19” 
as the angle of the apparent anomaly. Since to this, according to the apogée’s 
ratios, there corresponds 17°13’21” of longitude truly determined and 20°58’21” 
of periodic longitude, half of the regression comes to 9°56’46” and very nearly 40 
days; and the whole regression comes to 19°53’32” and 80 days. 
According to the calculations near the least distance, the addition-subtrac- 
tion of true determination is found to be 0°1224’. 
And therefore 
: FH : CF :: 1912/40” : 040/11”, 


and | 
; CE :CF : :3°5’31” : 0P40'11”, 
and 
f rect. CE, CF =2?4'14”. 

And again . 
| Ae : AG: 2 54P20" 39°30’, 
and 

CD: 0G: : 93°50’ : 14°50’, 
and 


rect. CD, CG =1,391°51’40”. 
And: the square root 2555/38” of the 672712’ resulting from the application, 
multiplied by the ratio of FH and CF, makes 
FH= 31724'3”, 
CF= 1721/51’, 
and by addition 
CH = 48°45'54”, 
relative to the given quantities of Ae and AF. 
And therefore 
FH = 95°23'42” 


where 
hypt. AF = 120°; 
and 
CH=l0(°42 7 
where 
. hypt. AC =120?. 
And 


arc FH = 105°18'10”, 
are CH = 127°40’22’. 
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And consequently 
angle FAH =52°39'5” 
angle CAH =63°50'11”. 
And, by subtraction, | 
angle FCA =26°9’49” 
as the angle of regression due to the star’s speed; and 
angle FAG =11°11’6" 
as the angle of the apparent anomaly. Since to this, according to the ratios 
at the perigee, there corresponds 20°33'42” of longitude truly determined 
and 16°52’52” of periodic longitude, half of the regression comes to 5°36’7” 
and very nearly 3214 days; and the whole regression comes to 11°12’14” and 
6414 days. 


5. DEMONSTRATION OF VENUS’ REGRESSIONS 


Again, in the case of Venus, according to calculations near the mean distance, 
FH : CF :: 1° :.0°37'31”, 


D 


and 
CE eC 3s 3 Waal or' 31 
and 
rect. CH, CF = 1°38/30%. 
And again 
AC: AG: : 60°? : 43°10’, 
and 
CD : CG: : 10310’ : 16°50’, 
and 
rect. CD,-CG =1,736238'20% 

And the square root 32°31’29” of the 
105°50’6” resulting from the application, 
multiplied by the given ratio of FH and 
CF, makes 

FH =32°31'29" ; 

CF =20°20'11”, 
and, by addition, 

CH =62°51'40", 
relative to the given quantities of AC and 
AF. 

And therefore also 
FH =90°24'58”, 


where 

hypt. AF =120?; 
and ‘ 

CH = 105°43’20” 
where 

hypt. AC =120?. 
And 


arc FH =97°47'0", 
are CH = 123°31'49”. 
And consequently also 
angle FAH =48°53/30”, 
angle CAH =61°45'54”. 
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And, by subtraction, 

angle FCA =28°14'6” 
as the angle of regression due to the star’s speed; and 

angle FAG = 12°52’24” 
as the angle of the anomaly. Since to this, according to the given mean ratio, 
there corresponds 20°35/19” of the longitudinal passage, half of the regression 
comes to 7°38’47” and very nearly 20+14+14 days; and the whole regression 
comes to 15°17’34” and 4124 days. 

And the distance at the interval of the stations from the apogee and perigee 
is less than the greatest and greater than the least, by very nearly 5 sixtieths 
of the mean distance. 

According to the calculations near the greatest distance, the addition- 
subtraction of true determination is found to be 0°214’. And therefore 

FH : CF : : 0?57’40” : 0°39’51”, 
CE: GP 3: 235 11" »68S9'ol™ 


and 
; rect. CE, CF = 1°43’4”. 
And again 
A@: AG!’+61P10' : 43°10", 
and 
CD : CG : : 104°20/ : 18°0’, 
and 


rect. CD, CG=1,878°0’. 


And the square root 33°3’53” of the 1,093°16’23” resulting from the applica- 
tion, multiplied by the given ratio of FH and CF, makes 
FH =31°46'44”, 
CF =21°57'38”, 
and, by addition, 
CH = 53?44'22”, 
relative to the given quantities of AC and AF. 
And therefore also 
FH =88?20'34” 


where 

hypt. AF =120?; 
and 

CH= 10592 544% 
where 

hypt. AC = 120°. 
And 


arc FH =94°48’54”, 
are’ ¢ H'=122°56'27") 
And consequently 
angle FAH =47°24'27”, 
angle CAH =61°28/14”. 
And, by subtraction, 
angle FCA = 28°31’46” 
as the angle of regression due to the star’s speed; and 
angle FAG =14°3'47” 
as the angle of the apparent anomaly. Since to this, according to the ratios at 
the apogee, there corresponds 20°19’3” of longitude truly determined and 21°9’ 
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3” of periodic longitude, half of the regression comes to 8°12'43” and very nearly 
21% days; and the whole regression comes to 16°25’26” and 43 days. 
According to the calculations near the least distance, the addition-subtraction 
of true determination is found to be 0°214’. 
And therefore 
FH : CF 321220” : 0°35/11”, 


and 
CE :CF : : 2°39’51" £0°35/11?, 

and 

rect. CH, CF = 1°33'44”. 
And again 

AC TAD? : 58°50':'43°10'; 
and 

CD CG '102°0' 157407 
and 


rect. CD, CG =1,598°0’. 


And the square root 31°58’58” of the 1,022°54’7” resulting from the application, 
multiplied by the given ratio of FH and CF, makes 
FH =33?13'36", 
CF = 18°45'16”, 
and, by addition, 
CH =51°58’52", 
relative to the supposed quantities of AC and AF. 


And therefore also 
FH =92°22’3” 


where . 
hypt. AF =120?; 
and 
CH = 106° 1/23” 
where 
hypt. AC = 120. 
And 


arc FH =100°39’34”, 
arc CH-=124°8 22". 
And consequently 
angle FAH =50°19/47”, 
angle CAH =62°4’'11”. 
And, by subtraction, P 
angle FCA =27°55'49” 
as the angle of regression due to the star’s speed; and 
angle FAG=11°44’24” 
as the angle of the apparent anomaly. Since to this, according to the ratios at 
the perigee, there corresponds 20°53’30” of longitude truly determined and 
20°4’30” of periodic longitude, half of the regression consequently comes to 
7°2'19” and very nearly 2014 days; and the whole regression comes to 14°4’38” 
and. 4024 days. bre ie vi ; 


J | 
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6. DEMONSTRATION OF MERcuRY’s REGRESSIONS 


And again, in the case of Mercury, according to the calculations near the 
mean distance, 
Fa: CF : 3 i : 3°9'82, 
and 
CH : CF: 15°98” 1370'S", 
and 
rect. CH, CF = 16°14/27%, 
And again 
AC: AG : : 60° : 2214», 
and 
CCG : : 8a°s0! : 37°30, 
and 
Tech. CG 3,008"45". 
And the square root 13°48’7” of the 190° 
29’31” resulting from the application, 
multiplied by the give ratio of FH and CF, 
makes 


FH = 38s C . 
CF = 43°30'24”, 
and, by addition, 
CH = 5718/31”, 
relative to the supposed quantities of AC and AF. 
And therefore also 
ria—fs'eow 


where 
hypt. AF =120?; 
and 
Cid = Ves’ 2” 
where 
hypt. AC =120?. 
And 


are FH =75°40'28”, 
afc (COC H=146732'52", 
And consequently 
angle FA H =37°50'14”", 
angle CAH =72°46'26”. 
And, by subtraction, 
angle FCA =17°13/34” 


as the angle of regression! due to the star’s speed; and 


angle FAG =34°56'12” 


as the angle of anomaly. Since to this, according to the'given ratio, there corre- 


sponds 11°4’59” of longitudinal passage, half of the regression is left to be 
6°8’35” and very nearly 1114 days; and the whole regression is left to be 12°17’ 
10” and 22% days. 

According to the calculations near the greatest distance, that is, when the 
longitude truly determined is about 11° from the apogee (to which there corre- 
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sponds very nearly 1114° of regular longitude), the addition-subtraction of true 
determination is found to be very nearly 0°214' in proportion to 1°. And there- 
fore 


FH :CF ;:0°57'40” : 3°11/287, 


and 
CE : CF ; : 56/48” : 3°11'28”, 

and 

rect. CE, CF =16°19’2”. 
And again 

AC : AG: : 68°36’ : 22°30’, 

and 

CD :CG@ : : 91°6’ : 46°6’, 
and 


rect. CD, CG =4,199°42’36”. 
And the square root 16°2’35” of the 257°22’44” resulting from the application, 
multiplied by the given ratio of FH and CF, makes 
FH =15°25’9”, 
CF =51"11/43”, 
and, by addition, 
CH = 66°36'52”, 
relative to the supposed quantities of AC and AF. 
And therefore also 
FH =82?14’8” 


where 

hypt. AF = 120°; 
and 

CH = 116°31'36” 
where 

hypt. AC =120°. 
And 


arc FH =86°31'4”, 
arc CH = 152°27'56”. 
And consequently 
angle FAH =43°15/327, 
angle CAH =76°13'58”. 
And, by subtraction, 
angle FCA = 13°46’2” 
as the angle of regression due to the star’s speed; and 
angle FAG =32°52’26” 
as the angle of apparent anomaly. And since to this, according to the ratios 
at the apogee, there corresponds 9°48’51” of longitude truly determined, and 
10°16’51” of periodic longitude, half of the regression is left to be 3°57’11” 
and very nearly 1014 days; and the whole regression to be 7°54’22” and 21 days. 
According to the calculations near the least distances, which are at the 
intervals of 120° in periodic longitude from the apogee, the addition-sub- 
traction of true determination for the rate 11° either side of the perigees is 
found to be very nearly 0°114’. And therefore 
FH : CF :: 11/307 : 3°7/38”, 
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and 
CE : CF : : 5°10’38” : 3°7'38”, 
and 
rect. CE, CF =16P11'25”. 
And again, very nearly, 
AC : AG : : 55°42’ : 22°30’, 
and 
CD ICG UT8P 12he BSP 12', 
and 
rect. CD, CG =2,596°14'24”. 
And the square root 12°39’48” of the 160°21’29” resulting from the applica- 
tion, multiplied by the given ratio of FH and CF separately, makes 
FH =12°58/47’ , 
FC =39?36'4”, 
and by addition 
CH =52°34’51", 
relative to the supposed quantities of AC and AF. 


And therefore also 
FH =69°13'31” 

where 

hypt. AF =120P; 
and 

CH = 113°16/48” 
where 

hypt. AC =120?. 
And 


arc FH =70°27'44”, 
arc CH =141°28'14”; 
And consequently 
angle FAH =35°13'52”, 
angle CAH =70°44’7”. 
And, by subtraction, 
angle FCA = 19°15/53” 
as the angle of regression due to the star’s speed; and 
angle FAG =35°30'15” 
as the angle of the apparent anomaly. Since to this, according to the given 
ratios, there corresponds 11°39’30” of longitude truly determined, and 11° 
21/30” of periodic longitude, half of the regression is left to be 7°36’23” and 
very nearly 1114 days; and the whole regression to be 15°12’46” and 23 days. 

The quantities which have been shown are in each case very nearly in ac- 
cord with those taken from the appearances. 

And we got the rates of longitudinal passage about the greatest and least 
distances in this way: for example, in the case of those about the greatest 
distance of Mars we showed the epicycle’s apparent are from one of the sta- 
tions to the opposition (that is, the arc considered with respect to the eclip- 
tic’s centre) to be 22°13’19”. The approximately 21°10’ of periodic longitude 
corresponding to these in the ratio of 1” to 1°3’11”, although they are not 
exact because the speeds given at the stations do not remain unchanged 
throughout the whole regressions, yet do not differ enough to make the cor- 
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responding addition-subtraction differ appreciably from very nearly 3°45’. 
And we subtracted these from the 22°13’19” of the epicycle, since at the great- 
est distances the apparent passages on the epicycle are greater than the peri- 
odic, and we found the corresponding periodic passage of anomaly from one 
of the stations to the opposition to be 18°28’19”. Since, by the: ratio of the 
mean movements, 20°58’21” of periodic longitude correspond to them, we 
used these as exact instead of the 21°10’. Subtracting from them the 3°45’ of 
addition-subtraction which remained almost the same here (for at the greatest 
distances the apparent passages in longitude are less than the periodic) we 
found the apparent passage in longitude for the given interval to 1 Ii7 sar. 


4 CONSTRUCTION OF A TABLE FOR THE STATIONS, | 


And again, in order that we may be able easily to see at ibe sections of 
the epicycle each of the stars makes the appearance of stations for the dis- 
tances between the mean distance and the greatest and least distances, we 
arrange this table of 31 rows and 12 columns. The first two columns contain 
the numbers of periodic longitude at intervals of 6° according to the develop- 
ments of the other tables. And the ten columns following contain, for each 
of the five stars, the intervals of anomaly truly determined from the epicycles’ 
apparent apogees—the first one in each case containing those of the first 
stations and the second those:of the second. We took the quantities of these 
from what was demonstrated above for the mean, least, and greatest dis- 
tances, and from those differences in the distances between which we have 
already explained for the comparison by sixtieths in the eighth column of the 
Tables of Anomalies, Book XI, chap. 11.:‘The epicycles’ distances, relative 
to which the difference of the stations is most especially considered, are there 
demonstrated for each passage of periodic longitude with the quantity of 
greatest anomalistic difference. 

Since the regressions shown about the apogees and perigees do not’ contain 
the stations resulting when the epicycles’ centres are at the apogees and peri- 
gees but only when they are a certain distance away, for each star we first of 
all got from these quantities the quantities corresponding to the apogees and 
perigees in this way. 

Now, in the case of Saturn and Jupiter—since the epicycles’ distances at 
the apogees and perigees differ hardly at all from those at the given intervals 
from them—we placed, in the proper rows, the anomalistic numbers from the 
epicycles’ apparent apogees, obtained in these cases; that is, those of the 
apogees in the rows containing the number 360, and those of the perigees in 
the rows containing the number 180. In the case of Saturn the distance from 
the epicycle’s perigee, at the apogee of eccentricity, was shown to be very 
nearly 67°15’, and at the perigee 64°31’; in the case of Jupiter, the distance 
at the apogee 55°55’, and at the perigee 52°49’. For convenience we arranged 
the numbers from the epicycles’ apogees corresponding to these in the sub- 
sequent four columns along the proper rows: along the row containing the 
apogee’s number of 360°, in the third column, the 112°45’ of Saturn’s first 
station; in the fourth, the 247°15’ of its second station; likewise, in the fifth, 
the 124°5’ of Jupiter’s first station; and, in the sixth, the 235°55’ of its second 
station. And along the row containing the perigee’s number of 180°, according 
to the same order, 115°29’ and 244°31’; and likewise 127°11’ and 232°49’. 
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In the case of Mars, we showed that, whenever the epicycle’s centre is 20°58’ 
of periodic movement from the eccentric’s apogee, the star makes its stations at 
a distance of 22°13’ from the epicycle’s apparent perigee. But the passage at the 
mean distance contains 16°51’, so that there is a difference of 5°22’. And where 
the mean distance is 60°, the greatest is 66°, and the difference relative to the 
mean is 6°. But at the given angular distance from the apogee, it is 65°40’, and 
the difference relative to the mean 5°40’. Now, multiplying the 6° by the 5°22’, 
and applying [dividing] the result to [by] the 5°40’, we found the distance at the 
apogee over the mean distance to be very nearly 5°41’. And so the angular dis- 
tance from the epicycle’s apparent perigee comes to 22°32’, and the angular dis- 
tance of the first station from the apogee comes to 157°28’ which we place in the 
seventh column in the row of 360°; and of the second station to 202°32’ which we 
place in the eighth column in the same row. 

Likewise, when the epicycle’s centre is 16°53’ in mean movement from the 
perigee, the star makes its stations at a distance of 11°11’ from the epicycle’s 
apparent perigee, so that the difference relative to the mean distance comes to 
5°40’. But of the linear distances, the least is 54° according to the difference of 
6? relative to the mean, and that of the given angular distance from the eccen- 
tric’s perigee 54°20’; and the difference relative to the mean 5°40’. Therefore we 
shall have the whole difference at the perigee to be 6°, and the passage from the 
epicycle’s apparent perigee 10°51’; and the passage of the first station from the 
apogee 169°9’, and of the second, 190°51’, which we place in the 180° row in the 
proper columns. 

. In the case of Venus, we showed that, when the epicycle’s centre is 21°9’ in 
periodic longitude from the apogee, the star makes its stations 14°4’ from the 
epicycle’s apparent perigee. But the passage at the mean distance contains 12° 
52’, so that there is a difference of 1°12’. Where the mean distance is 60°, the 
greatest is 61°15’ and the difference relative to the mean 1°15’. But at the given 
angular distance from the apogee, the distance is 61°10’ and the difference rela- 
tive to the mean 1710’. And again, multiplying 1°15’ by 1°12’ and applying [di- 
viding] the result to [by] 1°10’, we found the difference at the apogee over the 
mean distance to be 1°17’. And so the angular distance from the epicycle’s ap- 
parent perigee comes to 14°9’, and the angular distance of the first station from 
the apogee comes to 165°51’ which we place in the ninth column in the row of 
360°; and of the second station to 194°9’, which we place in the tenth column 
along the same row. 

And likewise, when the epicycle is very wee 20° according to regular longi- 
tudinal passage from. the eccentric’s perigee, the star makes its stations at a dis- 
tance of 11°44’ from the epicycle’s apparent perigee, so that the difference rela- 
tive to the mean distance comes to 1°8’. Of the linear distances, the least is 
58°45’ where the mean is 60°, and the difference between them 1°15’; but that of 
the given angular distance from the eccentric’s perigee 58°50’, and its difference 
relative to the mean 1°10’. And nultiplying the 1°15’ by the 1°8’ and applying 
[dividing] the result to [by] 1°10’, we found the difference at the apogee over the 
mean distance to be 1°13’. Therefore we found the passage from the epicycle’s 
apparent perigee to be 11°39’, and the passage of the first station from the apo- 
gee to be 168°21’, and of the second station 191°39’, which we place in the same 
columns by the number 180°. © 

In the case of Mercury, we demonstrated that, when the epicycle is 10°17’ in 
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periodic longitude from the eccentric’s apogee, the star makes its stations 32°52’ 
from the epicycle’s apparent perigee. But the passage at the mean distance con- 
tains 34°56’, so that there is a difference of 2°4’. Where the mean distance is 60°, 
the greatest is 69° and the difference between them 9°; but at the given angular 
distance from the apogee, it is 68°36’ and the difference relative to the mean 
8°36’. And in the same way as before, multiplying the 9° by 2°4’ and applying 
[dividing] the result to [by] 8°36’, we found the difference at the apogee over the 
mean distance to be very nearly 2710’. And so the angular distance from the epi- 
cycle’s apparent perigee comes to 32°46’, and the angular distance of the first 
station from the apogee comes to 147°14’ which we place in the eleventh column 
beside the number of 360°; and, of the second station, to 212°46’, which we place 
in the twelfth column along the same row. 

And likewise, when the epicycle is 11°22’ in periodic movement from the peri- 
gee, then the star makes its stations 35°30’ from the epicycle’s apparent perigee 
so that the difference relative to the mean distance is 0°34’. Of the linear dis- 
tances, the least is 55°34’ where the mean is 60°, and their difference is 4°26’ ; but 
at the given angular distance from the eccentric’s perigee is very nearly 55°42’, 
and the difference relative to the mean 4°18’. Again multiplying the 4°26’ by 
0°34’ and applying [dividing] the result to [by] the 4°18’, we found the difference 
at the perigee relative to the mean to be 0°35’. Therefore we found the passage 
from the epicycle’s apparent perigee to be 35°31’, and the perigee of the first 
station from the apogee to be 144°29’, and, of the second, 215°31’, which we 
place in the same columns; yet not beside the number 180° in longitude but be- 
side 120° and 240°, since the perigees of Mercury’s eccentricity have been dem- 
onstrated to be at those places. 

Now with these things first set forth, the differences of the intervening pass- 
ages are established according to the same methods. 

For, as an example, let it be required to find the corresponding positions of the 
apparent anomaly for the first stations when the mean longitudinal passage is 
30° from the apogee. In this position, where the mean distance is in every case 
60°, the epicycle’s distance is established, by means already formulated, to be 
63°2’ for Saturn, 62°26’ for Jupiter, 65°24’ for Mars, 61°6’ for Venus, and 66°35’ 
for Mercury. And so, relative to the mean, the differences in each case are (in 
the same order, to avoid repetition) 3°2’, 2°26’, 5°24’, 176’, and 6°35’. But the 
differences between the mean and apogeal distances (for in every case the given 
numbers of the distances are greater than the mean) are 3°25’, 2°45’, 60’, 1°15’, 
and 90’. Now, since the whole differences of the degrees of apparent anomaly at 
the apogees, relative to the mean distances, come to 1°23’, 1°33’, 5°41’, 1°17’, 
and 2°10’, in the same order, therefore, multiplying each of them by the differ- 
ence between the distance at that time and the mean, proper to each star (for 
example, 1°23’ by 3°2’), and applying [dividing] the result to [by] the difference 
of the greatest distance (for instance 3°25’), we shall have, for each case at the 
given longitudinal passage, the excess of the degrees of anomaly over those for 
the mean distance: 1°14’, 1°22’, 5°7’, 1°8’, and 1°35’. But, for the mean distances, 
the intervals from the epicycle’s apparent apogee are 114°8’, 135°38’, 163°9’, 
167°8’, and 145°4’; and the intervals for the greatest distances are less than 
these in all cases except Mercury where it is more. And so, for the other cases, 
subtracting the differences found for the given distances from intervals at the 
mean distances, but adding them in the case of Mercury, we shall have, corre- 
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sponding to 30° of periodic longitude in the columns of the first stations, the de- 
grees of apparent anomaly from the epicycle’s apogee: 112°54’ for Saturn, 124° 
16’ for Jupiter, 158°2’ for Mars, 166° for Venus, and 146°39’ for Mercury. We 
fill in the columns of the second stations immediately by placing the differences 
between the numbers of the first stations and 360° in the same rows in the col- 
umns of the second stations: in the case of the given longitude, 247°6’, 235°44’, 
201°58’, 194°0’, and 213°21’. 

It is easily understood that, even if we do not choose to set out the degrees of 
anomaly considered with respect to the epicycle’s apparent apogee, but, for 
greater convenience, those not truly determined considered relative to the peri- 
odic, we can immediately establish such a table by taking the total addition- 
subtraction in the Tables of Anomaly corresponding to each number of periodic 
longitude and subtracting it from the degrees of apparent anomaly found for 
those up to 180° from the eccentric’s apogee and adding it for those beyond 180°. 
And here is the outlay of the table: 
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9. DEMONSTRATION OF VENUS’ AND MERcuRY’S GREATEST 
ELONGATIONS FROM THE SUN 


Now that we have arranged things having to do with the regressions, it 
would be reasonable next to demonstrate for each dodecatemory the greatest 
elongations from the sun of Venus and Mercury as established from the given 
hypotheses. We have the expositions of these with respect to the sun’s ap- 
parent passage, with the stars at the beginnings of the dodecatemories, and 
with their apogees in position with respect to the tropic and equinoctial points 
for our times—that is, with Venus’ 25° within the Bull and Mercury’s 10° 
within the Balance. There will be a change in the greatest elongations be- 
cause of the movement of the apogees and this can be easily corrected by the 
same methods as before; otherwise it will remain without any appreciable 
difference for a long time. And that the manner of our methods may be easily 
understood, it is necessary to show first, as an example, the greatest morning 
and evening elongations of Venus when it is in the spring equinox and at the 
beginning of the Ram. 

Then let there be through the apogee of eccentricity A the straight line 
ABCDE. And on it let: B be supposed the centre of 
regular movement, C the centre of the eccentric bear- 
ing the epicycle, and D the ecliptic’s centre. And, with 
‘ the eccentrie’s radius CF drawn through, let the epi- 

cycle GH be described about F; and: let DH be drawn 
tangent toits morning and western parts. And let BFG 
and FH be joined; and let CK, CL, and BM be drawn 
as perpendiculars. 


B H Now, since DA is 25° within the Bull, and DH at the 
beginning of the Ram, therefore 

C ' angle ADH =55° 

oe = 110° tardirt: 


and its complement 
angle DCK =70° to 2 rt. 
And so also, on the circle about right triangle CDK, 
E are. CK =110°, 
and "s 
chord CK =98?18’ 
where 
hypt. CD =120?. 
And therefore . 
C= fe, = 
where 
CD =I1°ie 
and 
epic. rad. FH =43°10’; 
and, by subtraction, 
FL =42?9’ 
where it is supposed 
ecc. rad. CF = 60?. 
And therefore 
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FL=84?18’ 
where 
hypt. CF =120; 
and, on the circle about right triangle CFL, 
arc FL =89°16’. 
And so also 
angle FCL =89°16’ to 2 rt. 
And 
angle DCK =70° to 2 rt., 
and angle LCK is right. Therefore, by addition, 
angle FCD =339°16’ to 2 rt., 
and, by subtraction, 
angle ACF = 20°44’ to 2 rt. 
And so aiso, on the circle about right triangle BCM, 
arc BM =20°44’ 
and as its supplement 
arc Cl = 15" 16". 
And therefore 
chord BM =21°35’, 
chord CM = 118°2’ 
where 
hypt. BC = 120°. 
And so also, where 


BC=1?15' 
and 
ecc. rad. CF =60?, 

there also 

BM =0°13’, ~ 

CM =1°14’, 
and, by subtraction, 

FM =58?46’. 


And therefore also 
hypt. BF = 58°46’. 
And therefore 
BM =0°2/" 
where 
BF=120?; 
and, on the circle about right triangle BFM, 
arc BM =0°26’. 
And so also > 
angle BFC =0°26’ to 2 rt. 
But it was shown that 
angle ACF = 20°44’ to 2 rt. 
And therefore, by addition, as the angle of regular longitudinal passage, 
angle ABF = 21°10’ to 2 rt. 
= 10°35’. 
The sun’s mean passage will therefore be 10°35’ westward from the apogee A 
and its position, of course, 14°25’ within the Bull; while the true sun will be 
15°14’ within the Bull. And so the star, when it is at the beginning of the 
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Ram, will have a greatest western elongation from the true sun of 45°14’. 
Again, let the following drawing be laid out: the tangent drawn to the 
evening and eastern parts of the epicycle and 
the star likewise supposed at the beginning of 
the Ram. | 
By means of things already demonstrated 
and with angle ADH remaining the same, 
angle DCK =70° to 2 rt., 


and 
cherd CA. = LA =1°1! 
where 
ece. rad. CF = 60°" 
and 
epic. rad. FH = 43°10’. 
And so, by addition, : 
FL=44?11'. 
And it is clear that 
FL = 8822’ 


where 
hypt. CF =120?; 
and, on the circle about right triangle CFL, 
arc FL =94°51’. 
And so also 
angle FCL =94°51’ to 2 rt., 
and as its complement 
angle FCK =85°9’ to 2 rt., 
and, by addition, 
angle FCD=angle BCM =155°9’ to 2 rt. 
And therefore, on the circle about right triangle BCM, 
arc BM =155°9’, 
and as its supplement 
are CM =24°51’. 
And therefore 
chord BM =117°11’, 
chord CM = 25°49’ 


hypt. BC = 120°. 


where 


And so also, where 


BC =1°15’, 
there also 
BM—1°13% 
CM =0°16’, 
and, by addition, 
FM =60°16’; 


and therefore also 
hypt. BF =60°17’. 
And therefore 
BM = 2°25’ 
where 
BF =120?; 
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and, on the circle about right triangle BFM, 
vare BM =2°19’. 
And so also 


angle BFM =2°19’ to 2 rt. 
And since it has been shown 
angle DCF =155°9' to 2 rt.., 


angle BCF = 204°51' to 2 A. 
And therefore, by addition, as the angle of the regular longitudinal passage, 
angle ABF = 207°10' to 2. rt. ) 
= 103°35’. : 

The sun’s mean passage will therefore be 11°25’ within the Water, Banat and 
its true passage 13°38’. And so the star, when likewise it~is.at.the ‘beginning, of 
the Ram, will have a greatest eastern elongation from the true sun of 46°22’. 

And for Mercury, let it be supposed as an evening star at the beginning of the 
Scorpion and as a morning star at the beginning of the Bull; because, with refer- 
ence to the demonstrations of its heliacal risings on the ecliptic which will follow, 
it is easier to find the star’s greatest elongations from the true sun in these posi- 
tions. Now, according to Mercury’s hypothesis, when the star’s apparent pass- 
age is given, the mean longitudinal passage is not obtained, because the straight 
line CF does not always remain the same with and equal to the eccentric’s radius 
as in the hypothesis of the others. But when the regular longitudinal passage is 
given, the apparent is shown. Therefore, supposing there are two longitudinal 
positions for each dodecatemory which can carry the star at the beginning of the 
dodecatemory in question; and calculating the greatest elongations resulting in 
the passages obtained, in this way we find the greatest elongation for the begin- 
ning of the dodecatemory, as will be easily understood through the means set 
forth. And this will be done first for the greatest eastern elongation at the be- 
ginning of the Scorpion. 

For let there be the diameter ABCD through the apogee A. And on it let C'be 
supposed the ecliptic’s centre and B the centre of the epicycle’s 
regular movement. First let the epicycle's centre be conceived — 
at the apogee itself, so that the sun’s mean longitudinal passage 
is 10° within the Balance, and its true one 8°. And with epicy- 
cle FG described about A, let:CG be drawn from C tangent to 
it at the eastern parts; and let the perpendicular AG be joined. 

Now, since it has been shown. by means already formulated 
that ) 


therefore 


epic. rad. AG=22Yp 
where, as the greatest distance, 
AC =69?, 
therefore Ux 
AG =39°8’ 
where . 
hypt. AC=120°. 
And so, on the circle about right triangle ACG, 
are ACG=38"4", | ! f. 


and 
angle ACG =38°4’ to 2 rt 
= 19°2",- 
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And AC is 10° within the Balance. Therefore the star will be 29°2’ within the 
Balance when it is at its greatest elongation of 21°2’ from the true sun. 
Again, let the mean longitude be supposed 3° from the apogee so that. the 
mean sun is 13° within the Balance, and the true sun 11°4’. And 
with BE continued through, let epicycle FG be described about 
centre E. With CG drawn tangent in the same way, let HC and 
EG be joined. Since, in this position (that is, when it is sup- 
posed 
angle ABE =3°) 
it is shown by means already formulated that, as the angle of 
difference of eccentricity, 
angle ACH = 2°52’, 
and, as the epicy¢cle’s distance at that time, 


CE = 68°58’ 
where ) 

7 9113 epic. rad. HG = 22°30’; 
therefore 

EG Sahel Jf 
where -; 3 


hypt. CE= 120°. 
And so, on the circle about.right triangle CEG, 
y arc EG= 38°5', 
and 
angle ECG =38°5' to 2 rt. 
= 19°3's 
and therefore, by addition, 
angle ACG = 21°25’. 

Therefore, when the star is 1°55’ within the Scorpion, it will have a greatest 
elongation from the true sun of 20°21’, But it was shown that, when it is 29°2’ 
within the Balance, it will have a greatest elongation of 21°2’ from the true sun. 
Since, then, the difference between the positions is 2°53’, and the difference of 
the greatest elongations 0°11’ so that very nearly 0°4” correspond to the 0°58’ 
from the first position to the beginning of the Scorpion, we subtract these from 
the 21°2’ and thus have for the beginning of the Scorpion the greatest eastern 
elongation from the true sun of 20°58’. — . 

And next, for the greatest western elongation at the beginning of the Bull, 
first let the mean longitudinal passage be 39° east of 
the perigee so that ‘the mean sun is 19° within the 
Bull,and the! true 19°38’. Leta similar drawing be 
laid ‘out. with the epicycle in a position east of the 
perigee and the tangent drawn to the rrostene parts 
of the: epicycle. : 

_Now since, at is passage (that is, when it is sup- 
posed 

i kee DBF =39°) 
it is Bian by means already formulated that. 
angle DCE = 40°57’, 
cand as the tistanher at that time 
r » CH =55"59’ 
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where 
epic. rad. EG = 22°30’, 
therefore 
EG=48?14’ 
where 


hypt. CE =120?; 
and, on the circle about right triangle CEG, 
arc EG =47°24’. 
And so also 
angle ECG =47°24’ to 2 rt. 
= 23°42’, 
and, by subtraction, 
angle GCD =17°15’. 
And therefore when Mercury is 27°15’ within the Ram, it will have a greatest 
western elongation from the true sun of 22°23’. 
Again, let the mean longitude be supposed 42° from the perigee in the same 
direction, so that the sun’s mean position is 22° within 
the Bull, and its true 22°31’. 
Now since, for this same passage (that is, when it is 


supposed ; 

angle DBF =42°) 
it is shown that $ F 

angle DCE = 44°4’, 
and, as the distance at that time, o S 

CE = 55°50’ 
where 
epic. rad. HG = 22°30’; 
therefore 
EG = 48°19’ 

where 


hypt. CE = 120°; 
and, on the circle about right triangle ECG, 

arc EG =47°30’. 
And so also 

angle ECG =47°30’ to 2 rt. 
= 23°45’, 
and, by subtraction, 
angle GCD = 20°19’. 

Therefore, when the Mercury is 0°19’ within the Bull, it will have a greatest 
western elongation from the true.sun of 22°12’. But it was shown that, when it 
is 27°15’ within the Ram, it will have a similar greatest elongation of 22°23’. 
Now, since again the difference of the positions is 3°4’, and of the greatest elon- 
gations 0°11’ (so that very nearly 0°10’ correspond to the 2°45’ from the first 
position to the beginning of the Bull), we subtract these from the 22°23’, and 
we have for the beginning of the Bull the greatest western elongation from the 
true sun of 22°13’. Which things it was required to find. 

For the other dodecatemories, calculating in the same way the greatest west- 
ern and eastern elongations of both stars, we arranged a table of them in 12 
rows and 5 columns. In the first column we arranged the beginnings of the 
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dodecatemories beginning with the Ram. And in the next four we placed the 
greatest elongations from the true sun as calculated: the second containing the 
western elongations of Venus and the third the eastern; and again the fourth 
the western elongations of Mercury and the fifth the eastern. And here is the 
table: 


10. GREATEST ELONGATIONS WITH RESPECT 
TO THE TRUE SUN 


Beginnings VENUS MERCURY 
of 
the Signs Western Eastern Western Eastern 
Ram 45 14 46 22 24 14 19 36 
Bull 45 17 45 31 22 113 Jal ah 
Twins 45 34 44 49 20 18 23 41 
Crab 45 56 44 25 #34 NZ 26°16 
Lion 46 20 44 31 16 35 274 3F 
Virgin 46 38 44. 55 16 8 26 17 
Balance 46 45 45 41 17 46 23 31 
Scorpion 46 47 46 30 Zl pase 20 58 
Archer 46 30 47 138 26 9 19 28 
Goat 46 7 47 35 28 37 19 14 
Water Bearer 45 41 47 34 28 17 18 51 


Fishes 45 20 47 7 26 24 feoR0 


BOOK THIRTEEN 


1. On THE HYPOTHESES FOR THE LATITUDINAL PASSAGES 
OF THE Five PLANETS 


Two matters are still left for the treatise on the five planets: (1) their latitudinal 
passage with respect to the ecliptic, and (2) the business of the distances of the 
heliacal risings and settings. The latitudinal distance of each of them must be 
first cleared up here, since from this there result noteworthy differences in the 
risings and settings. Therefore we shall again present first whatever we suppose 
as common to the obliquities of their circles. 

Now, because each planet appears to effect a double latitudinal difference just 
like the longitudinal anomaly—one due to the eccentric circle relative to parts 
of the ecliptic, and the other due to the epicycle relative to the sun—in each 
case we suppose the eccentric inclined to the ecliptic’s plane and the epicycle 
to the eccentric’s plane, although (as we said) there is no noteworthy change re- 
sulting from this in the longitudinal passage or in the demonstrations of the 
anomalies for such obliquities as we shall show in what follows. And because, 
through observations made on each of them, the stars appear in the plane of the 
ecliptic when the number of truly determined longitude and of truly determined 
anomaly are each very nearly a quadrant (the one from the eccentric’s northern 
or southern limit, and the other from its own apogee) we suppose the inclina- 
tions of the eccentrics about the ecliptic’s centre, as in the case of the moon, 
and relative to the diameters through the northern or southern limits; and 
we suppose those of the epicycles relative to their diameters directed to 
the ecliptic’s centre and along which the apparent apogees and perigees are 
observed. 

And again, in the case of the three planets Saturn, Jupiter, and Mars, we ob- 
served that, when their longitudinal passages are near the eccentric’s apogee, 
then they always appear the farthest north of the ecliptic and farther north at 
the passages in the epicycle’s perigees than at those in their apogees; but when 
their longitudinal passages are at the eccentric’s perigee, on the contrary they 
appear farther south than the ecliptic. In the case of Saturn and Jupiter, we ob- 
served that the eccentric’s northernmost limits are near the beginning of the 
dodecatemory of the Balance, but in the case of Mars near the end of Cancer 
and almost at its apogee. And so we concluded from these things that the points 
of the eccentrics at these parts of the ecliptic are inclined towards the north, 
whereas the points diametrically opposite are equally inclined to the south; 
and that the perigees of the epicycles are always inclined in the direction of the 
eccentrics’ inclination, while the diameters at right angles to those through their 
apogees always remain parallel to the plane of the ecliptic. 

In the case of Venus and Mercury, we observed that, when their longitudinal 
passages are at the eccentric’s apogees or perigees, the movements at the epi- 
eycle’s perigees do not differ latitudinally from those at the apogees, but are 


426 


THE ALMAGEST, XIII 427 


alike either north or south of the ecliptic: in the case of Venus always north; 
and in the case of Mercury, on the contrary, always south. But the passages 
at the greatest elongations differ most from each other (that is, the western 
from the eastern) and from those at the epicycle’s apogees and perigees (that 
is, the difference with respect to the eccentric), while the greatest eastern and 
evening elongation, in the case of Venus, is north at the eccentric’s apogee 
and south at its perigee; and in the case of Mercury, on the contrary, south 
at the apogee and north at the perigee. But when their passages of truly de- 
termined longitude are at the nodes, then the quadrant distances on each 
epicycle from the apogees or perigees are both in the plane of the ecliptic, and 
the passages at the perigees differ most from those at the apogees, and, in the 
case of Venus, make the inclination for the node in the subtractive semicircle 
southward and for the opposite one northward. But, in the case of Mercury, 
again the contrary: for the node in the subtractive semicircle northward and 
for the opposite southward. And so we concluded from this that the eccentrics 
move their obliquities and make their returns with the periods of the epi- 
cycles, being in the same plane with the ecliptic when the epicycles are at the 
nodes, and, when it is around the apogees and perigees, throwing the epicycle 
the farthest north in the case of Venus and the farthest south in the case of 
Mercury. And we concluded that the two epicycles effect differences by in- 
clining their diameters through the apparent apogees the most at the ec- 
centric’s nodes, and slanting the diameters perpendicular to these the most 
at the eccentrics’ perigees and apogees (for let us distinguish this inclination 
by that name), thus contrariwise putting the first diameters in the eccentric’s 
plane at its apogees and perigees, and the second in the ecliptic’s plane at the 
nodes. 

1These appearances of latitudinal variation can be understood in the heliocentric theory. 
Kepler, in the Commentaries on Mars (Part V, Chapters 67 and 68) and again in the Epitome 
of Copernican Astronomy (Book VI, Parts 2 and 3) gives good accounts of the transformation 
from the Ptolemaic appearances and theory to his own theory which will be that of Newton 
in the Principia. The latitudinal variations are caused by the inclination of the plane of each 
planet’s orbit to that of the earth with the sun as centre. These inclinations, according to 
Kepler, are fixed. Newton deduces their fixity except for very slight perturbations in the 
Principles, Book I, Section II, Proposition I. 

It is now obvious that for the outer planets there will be greatest variations in latitude at 
opposite points on the ecliptic and no variation at the quadrants representing the nodes. 
Furthermore, this variation or inclination will appear greater the nearer the earth and the 
planet, and therefore when the planet is at the perigee of its epicycle in Ptolemaic theory. 

In the case of the lower planets, Venus and Mercury, it is evident that, since its Ptolemaic 
epicycle represents its Copernican orbit about the sun, there will be two opposite points on 
the ecliptic where the greatest difference in latitude will be at the greatest elongations and 
none at the apogee and perigee. And at the quadrants relative to these two points, on the 
contrary, the greatest difference in latitude will be at the perigee and apogee of the epicycle. 
The fact that the planet at the apogee and perigee of the epicycle in the case of the first two 
points has a small latitudinal deviation on the same side of the ecliptic is explained by re- 
ferring the line of the nodes to the true sun, according to Kepler. This is an argument for the 
Keplerian dynamical theory of the sun as the centre of the universe. Thus is explained the 


Ptolemaic inclination of the eccentric which serves to throw the latitude more one side than 
the other. 
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2. ON THE MANNER OF THE MOVEMENT OF THE OBLIQUITIES AND 
SLANTINGS ACCORDING TO THE HYPOTHESES 


The general conclusion of the hypotheses is, then, that the eccentric circles 
of the five planets are inclined to the ecliptic’s plane about the ecliptic’s 
centre: without movement in the case of the three, Saturn, Jupiter, and Mars, 
so that diametrically opposite passages of the epicycles are borne in contrary 
latitudinal directions; but in the case of Venus and Mercury, changing simul- 
taneously with the epicycles towards the same latitude, always towards the 
north for Venus and always towards the south for Mercury; and that those 
diameters of the epicycles through their apparent apogees, starting some- 
where in the eccentric’s plane, are carried aside by little circles lying beside 
the perigeal limits, say, proportionate in size to the latitudinal deviation, per- 
pendicular to the eccentrics’ planes, and having their centres on them. These 
little circles are revolved regularly and in accord with the longitudinal passages 
starting from an intersection of the planes with the epicycles (say towards 
the north) and at the same time carrying the epicycles’ planes in the first 
quadrant’s turn to the northernmost limit, of course, then back again to the 
eccentric’s plane; and in the third quadrant’s turn to the southernmost limit; 
and, finally, at the return to the starting point. The beginning and return of 
this circuit are established—for Saturn, Jupiter, and Mars—from the inter- 
section at the ascending node; in the case of Venus, from the eccentric’s peri- 
gee; and in the case of Mercury, from the eccentric’s apogee. 

In the case of the three stars, the diameters perpendicular to these first 
diameters remain, as we said, always parallel to the ecliptic’s plane or have an 
inappreciable slant to it. But in the case of Mercury and Venus, starting again 
from some point in the ecliptic’s plane, they are carried aside by little circles 
lying beside, say, their eastern limits, again proportionate in size to the lati- 
tudinal deviation, perpendicular to the ecliptic’s plane, and having their 
centres on diameters parallel to the ecliptic’s plane. These little circles are re- 
volved at the same speed as the others starting from an intersection of the 
planes and the epicycles again northwards (let us say), carrying the eastern 
extremities of these diameters in the same order as before. And again for these 
stars, the beginning and return of the similar circuit are established, for Venus, 
from the node in the additive semicircle, and, for Mercury, from the node 
in the subtractive semicircle. 

Now, concerning these little circles by which the oscillations of the epi- 
cycles are effected, it is necessary to assume that they are bisected by the 
planes about which we say the swayings of the obliquities take place; for 
only in this way can equal latitudinal passages be established on either side 
of them. Yet they do not have their revolutions with respect to regular move- 
ment effected about the proper centre, but about another which has the same 
eccentricity for the little circle as the star’s longitudinal eccentricity for the 
ecliptic. For the returns on the ecliptic and the little circle are supposed iso- 
chronous and the quarterly passages on each apparently agree. But if the little 
circle’s revolutions take place about its proper centre, that which is required 
can in no way come about, since the passages for the little circle travel each 
quadrant in equal time, but the epicycle’s passages with respect to the ecliptic 
do not because of the eccentricity assumed in each case. But if they take place 
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about a centre similar in position to that of the eccentric, and of the quadrants, 
the returns of the obliquities will traverse corresponding parts of the ecliptic 
and of the little circle in equal times. 

Let no one, seeing the difficulty of our devices, find troublesome such hypo- 
theses. For it is not proper to apply human things to divine things nor to get 
beliefs concerning such great things from such dissimilar examples. For what 
is more unlike than those which are always alike with respect to those which 
never are, and than those which are impeded by anything with those which 
are not even impeded by themselves? But it is proper to try and fit as far as 
possible the simpler hypotheses to the movements in the heavens; and if this 
does not succeed, then any hypotheses possible. Once all the appearances are 
saved by the consequences of the hypotheses, why should it seem strange that 
such complications can come about in the movements of heavenly things? 
For there is no impeding nature in them, but one proper to the yielding and 
giving way to movements according to the nature of each planet, even if they 
are contrary, so that they can all penetrate and shine through absolutely all 
the fluid media; and this free action takes place not only about the particular 
circles, but also about the spheres themselves and the axes of revolution. We 
see the complication and sequence in their different movements difficult and 
hard to come by for the freedom of the movements in the likely stories con- 
structed by us, but in the heavenly thing never anywhere impeded by this 
mixture. Or rather it is not proper to judge the simplicity of heavenly things 
by those which seem so with us, when here not even to all of us does the same 
thing seem likewise simple. For in this way not one of the heavenly occurrences 
would seem simple to those studying them, not even the unchangeableness 
of the first motion, since always to be the same is not difficult here with us 
but impossible. We should instead judge their simplicity from the unchange- 
ableness of the natures in the heavens and their movements. For thus they 
would all appear simple, more than those things which seem so here with us, 
since no difficulty or trouble could be conjectured concerning their periods. 


3. ON THE SIZE oF EACH OF THE OBLIQUITIES AND SLANTINGS 


Now, from these things, one could calculate the general position and order 
of the circles of obliquity. In the case of Venus and Mercury, the apparent 
passages at the given positions of latitude render easily calculable for each 
star the particular quantities of the arcs which the obliquities cut off on the 
great circle drawn through the inclined circle’s poles at right angles to the 
ecliptic, and according to which the latitudinal passages are considered. For 
when their longitudinal movements are at the eccentrics’ apogees and perigees, 
then, as we declared from nearby observations of the addition resulting for 
us, the stars, as they pass through the epicycle’s perigees and apogees, appear 
either north or south of the ecliptic by an equal amount, Venus always being 
north by 4°, and Mercury always south by 34°, so that from this the ob- 
liquities of each of the eccentrics are just about those amounts. But at the 
greatest elongations from the sun they both appear in mean terms about 5° 
north or south of the opposite greatest elongations. For, when it effects this 
latitudinal opposition at the eccentric’s apogee, Venus appears very little 
less than 5°, and, when at the eccentric’s perigee, very little more than 5°; 
and Mercury by at most 14° more or less. And so the slantings of the epicycle 
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from one side or the other of the eccentric planes subtend, in mean terms, 
about 214° of the circle at right angles to the ecliptic, from which are taken 
the quantities of the angles resulting from the epicycles’ slant to the eccen- 
trics’ planes. This will be clear from later demonstrations about them in what 
follows, not to interrupt at present what we have to say in common about 
the ive planets. 

But when the movements of truly determined lompibide are at the nodes 
and mean distances, then, as Venus makes its passage about the epicycle’s 
apogee, it appears 1° sromthe and south of the ecliptic, and, about the epicycle’s 
perigee, very nearly 614°; so that from this it is concluded the epicycle’s ob- 
liquity cuts off 214° on the circle drawn through its poles in the way we have 
described. For as a result of the epicyclic anomaly at the mean distances we 
find that many degrees subtend, for the epicycle’s apogee, an angle at the eye 
of 1°2’, and, for the epicycle’s perigee, an angle of 6°22’. And, as Mercury 
makes its passage about the epicycle’s apogee, one would calculate from its 
heliacal risings that it is very nearly 134° north and south of the ecliptic, and, 
about the epicycle’s perigee, very nearly 4°; so that from this the obliquity 
is established as 614°. For again, as a result of the epicyclic anomaly at the 
distances of the greatest obliquities (that is, when the truly determined longi- 
tude is a quadrant’s distance from the apogee), we find just that many de- 
grees subtend, for the epicycle’s apogee, an angle at the eye of 1°46’, and, for 
the epicycle’s perigee, an angle of 4°5’. 

In the case of the others—Saturn, Jupiter, and Mars—one could nol: im- 
mediately apprehend the quantities oi the obliquities which are both always 
mixed together, that effected by the eccentric with that effected by the epi- 
cycle. But from the latitudinal passages again observed at the perigees and 
apogees of the eccentrics and epicycles, we separate out each of the two ob- 
liquities in this way: 

In the plane at right angles to the plane of the Pilaigys let me be its inter- 
section with the ecliptic’s plane, and CD its inter-. 
section with the eccentric’s plane. And let point E be “ 
the ecliptic’s centre. About the eccentric’s apogee C’ 
and perigee D on the intersection of the planes, let 
there be, drawn in the plane of reference the equal 
circles FGHK and LMNX through the poles of the 
epicycles. And on. these circles let the epicycles’ 
planes be inclined at lines GCA and MDX with equal 
angles—of course, at C and D. Let also straight lines 
be drawn from the ecliptic’s centre #, where the eye 
is to the epicycles’ apogees and perigees: EG and EM 
to the epogees, and EK and EX to the perigees; for 
the points K and X embrace, of course, the passages 
of. acronychal opposition, anid G and M the ewbodie a B 
passages. ; 

Now, in the case of Mars, we took the tntvhadieial 
passages about the aentinychdl oppositions established at the eccentric’s apo- 
gee (that is, those about the point K of the epicycle) and those at the eccen- 
tric’s perigee (that is, those about the point X of the epicycle), because their 
difference is quite sensible. In the oppositions about the apogee it is 414° 
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north of the ecliptic, and in the oppositions about the perigee very nearly 7° 
south of the ecliptic, so that 
angle AEK =414°, 
angle BEX =7°. 

Now, with sivess things supposed, we find the angle contained by the ec- 
centric’s obliquity (that is, angle AHC) and that contained by the epicycle’s 
(that is, angle GCF) in this way. For since, from what we have demonstrated 
concerning the anomalies of Mars, it is easily seen that, of those angles sub- 
tended by equal ares about the epicycle’s perigeal parts, those about the 
passages. at the eccentric’s apogee have to those about the passages at the 
perigee the ratio which very ree 5 has to 9!, and since ares HK and NX 
are equal, therefore 

angle CEK : angle DEX ::5:9. 
And so, since angles AEK and BEX are given, and the ratio of angle CEK to 
angle DEX i is given, and 
angle AEC =angle BED, 
therefore, if whatever part the difference of the whole quantities is of the 
difference of the terms of the ratio, we take just that part of the terms of the 
ratio, and then shall have the quantity in the proper ratio. For this is shown 
by a short arithmetical lemma.? Since the quantities are 414 and 7 and their 
difference 224, and the ratio is 5 to 9 and their difference 4, and 224 is two- 
thirds of 4, therefore, taking two-thirds of 5 and 9, we shall have 
angle CEK =314°, 

angle DEX =6°, 

and accordingly, by subtraction, as the angles of the eccentric’s obliquity, 
angle AEC = angle BED=1°. 

And from these we shall have as the arc of the epicycle’s obliquity 

are HK =2i4°, 
because, according to the Tables of Anomaly, the quantities found for angles 
CEK and DEX embrace just that many degrees. 

And in the case of Saturn and Jupiter—since we find the passages about the 
apogeal sections of the eccentrics sensibly no different from those about the peri- 
geal sections Just opposite—we calculated what was required, in another way, 
from the comparison of those about the epicycles’ apogees with those about 
their perigees. As we could easily see from particular observations, in the pass- 
ages about the heliacal risings and settings, Saturn was at most very nearly 2° 
north and south, and Jupiter 1°; and in the passages about the acronychal oppo- 
sitions, Saturn about 3°, Jupiter about 2°. Now, since it is evident from their 

1For the distances to the star in those two positions would be as (60 — 3914+6) to (60 — 
3914 — 6) or as very nearly 9 to 5. Now, the arcs being small and equal can be considered as 
perpendiculars to the lines representing the distances from the eye to the star. Then, since for 
small angles the angles are as their sines, the angles are as 5 to 9 very nearly, The same prin- 
ciple is used for Saturn and Jupiter in the next few pages; but since their epicycles are rela- 


tively small and their eccentricities also, it is necessary to make the comparison between the 
epicycle’s apogee and perigee. 
2For we have 
' (7° — angle BED) : (484° — angle BED) ::9:5, 
separanda ' 
(7° — 434°) : (414° — angle BED) :: (9 — 5) :5 
or convertendo . 
(7° — 436°) : (7° — angle BED) : : (9 — 5) : 9. 
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anomaly that, of the angles subtended at the eye by equal arcs about the peri- 
geal and apogeal parts of the epicycle, those formed by ares about the apogees 
have to those formed by arcs about the perigees, in the case of Saturn, the ratio 
of 18 to 23, and, in the case of Jupiter, of 29 to 43, and since FG and HK are 
equal arcs of the epicycle, therefore, in the case of Saturn, 
angle FEG : angle FEK :: 18 : 23; 
in the case of Jupiter 
angle FEG : angle FEK :: 29 : 48. 
But angle GEK is the difference between the two latitudinal passages for both 
stars and is a remainder of 1°. Therefore, if the 1° is divided according to these 
ratios, we shall have, in the case of Saturn, 
angle FEG =0°26’; 
and, in the case of Jupiter, 
angle FEG =0°24’. 
And we shall have, in the case of Saturn, 
angle FEK =0°34’'; 
and, in the case of Jupiter, 
angle FEK =0°36’. 
And so, by subtraction, there will remain, as the angle of the see s obliqui- 
ty for Saturn, 
angle AEC = 2°26’; 
and, for Jupiter, 
angle AEC =1°24’. 
For convenience we use, instead of these quantities, 244° and 114°. And im- 
mediately it is concluded that, as the arc of the epicycle’s obliquity, for Saturn, 
arc HK =416°; 
and, for Jupiter, 

arc HK =214°. 
For, again, just this number of degrees in each case embrace very nearly, accord- 
ing to the Tables of Anomaly, the quantities found for angles FEG and FEK. 
Which things it was required to find. 


4. CONSTRUCTION OF TABLES FOR PARTICULAR LATITUDINAL PASSAGES 


By these means we have now established the general quantities of the epicy- 
cles’ and eccentrics’ greatest obliquities. But that we may also be able to work 
out easily at any time the latitudinal passages of the particular distances, we 
constructed five tables for the five planets, each having as many rows as the 
Tables of Anomaly and five columns. The first two columns contain the same 
numbers as in those. The third columns contain the latitudinal deviations from 
the ecliptic corresponding to sections of the epicycles with the epicycles at their 
point of greatest obliquity: in the case of Venus and Mercury, at the nodes of 
the eccentrics, and, for the other three stars, at the northern limits of the eccen- 
trics. In the case of these latter, the fourth columns contain the similar addi- 
tions about the eccentrics’ southern limits. At the same time the greatest devia- 
tion of the eccentrics is calculated for these three stars. And, in the case of Venus 
and Mercury, we worked out the sections, again through one theorem in this 
way: 

In the plane at right angles to the ecliptic’s plane, let ABC be its intersection 
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with the ecliptic’s plane, and DBE its intersection with 
the epicycle’s plane. Let A be the ecliptic’s centre, B 
the epicycle’s, and let AB be the distance about the 
greatest obliquities of the epicycles. With epicycle 
DFEG drawn about B, let diameter FBG be joined per- 
pendicular to DE. And let the epicycle’s plane be sup- 
posed perpendicular to the plane of reference, so that, 
of the straight lines drawn perpendicular to DE, only 
FG lies in the ecliptic’s plane and all the rest are paral- 
lel to it. 

Given the ratio of AB to BE and the quantity of the 
obliquity (that is, angle ABE), let it be required to find 
the stars’ latitudinal passages when, for example, they 
are 45° from E the epicycle’s perigee. For we wish to 
demonstrate at the same time, by means ‘of these incli- 
nations, the differences resulting in the longitudinal 
passages. But these differences must be the greatest 
about the passages between the perigee E and F and G 
because they turn out to be the same as those effected 
without the obliquity. 

Then let arc EH be taken as 45°. Let HK be drawn perpendicular to BE, 
and KL and HM to the ecliptic’s plane. And let HB, LM, AM, and AH be 
joined. 

Now, it would be immediately evident that the quadrilateral LKHM is a rec- 
tangular parallelogram because of KH’s being parallel to the ecliptic’s plane; 
and that angle LAM embraces the longitudinal addition-subtraction and angle 
HAM the latitudinal passage, while angles ALM and AMH are right angles 
because of A//’s falling in the ecliptic’s plane. It is now necessary to show how 
great the required passages are for each of these stars, and first for Venus. 

Now, since 


arc EH =45°, 
being at the epicycle’s centre, 
angle EBH =45° 
= 90° to 2 rt. 
And so, on the circle about right triangle BHK, 
ie lctinendiinr's arevie kK — arc kK = 90°. 


chord BK =chord HK = 84°52’ 


where 
hypt. BH = 120°. 
And so also 
BK = HK = 30°32’ 
where 


epic. rad. BH = 43°10’ 


AB=60?; 
for at this distance occurs the epicycle’s greatest obliquity. 
Again, since it is supposed that, as the angle of obliquity, 
angle ABE = 2°30’ 
=5° to 2 rt., 


and, as mean distance, 
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therefore, on the circle about right triangle BLK, 
are KL=5°, 
and, as its supplement, 
are ‘BE/= 175°. 
And therefore 
chord KL =5?14’, 
chord BL =119°53’ 
where 
hypt. BK =120?. 
And so also, where 
hypt. BK =30°32’, 


and 
AB=60?, 
there 
KL=1»20’, 
BL =30°30’, 
and, by subtraction, 
AL=29°30’. 


And 
LM = HK =30°32’. 
And so it is concluded that 
: hypt. AM = 42°27’. 
And therefore, where 
| hypt. AM =120?, 
there 
LM = 86? 19’; 
and, as the angle of longitudinal addivion-subtrastion for that time, 
angle LAM =92°0’ to 2 rt. 
=46°0’. 
And likewise, since 
HM =KL=1°20' 
where 
AM = 42°27’, 
and the squares on them added together give the square on AH, therefore in 
length 
AH = 42°29’. 
And ; 
HM =3°46' 
where 7 
hypt. AH =120°; 
and, as the angle of latitudinal deviation, 
angle HAM =3°36’ to 2 rt. 
= 1°48’, 
And we place this in the third column of Venus’ table in the row containing the 
number 135°. 
For measuring the resulting difference of the longitudinal addition-subtrac- 
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tion, let a similar drawing be laid out having the 
epicycle not inclined. 
Since we demonstrated that 
BK=HK =30°32’ 


where 
AB=60?, 
so that, by subtraction, 
AK =29°28’; 
and since 


sq. AK-+sq. HK =sq. AH, 
therefore, in length, | 
AH = 42°26’. 
And therefore 
HK =86°21’ 
where 
. hypt. AH =120?; 
and, as the angle of longitudinal addition-sub- 
traction, 
angle HAK =92°3’ to 2 rt. 
= 46°2’ 
But with the obliquity it was shown to be 46°. 


Therefore the longitudinal addition-subtraction, because of the epicycle’s obliq- 


uity, is less by 0°2’. Which it was required to find. 


Again, to show the passages of Mercury, let there be laid out a drawing similar 


to the one before this, with the supposition that 
arc EH = 45°; 

so that again 

BK =HK =84°22' 
where 

hypt. BH = 120°. 

And therefore 

BK =HK = 15°5% 

where va 
epic. rad. BH = 22°30’ 
and, as the distance at the greatest obliquities, 
AB = 5640’; 
for we have demonstrated all these things before. 
Again, since, as the angle of the epicycle’s ob- 
liquity, it is supposed 
angle ABE =6°15’ 
= 12°30’ to 2 rt., 
therefore, on the circle about right triangle BKL, 
arc KL =12°30' 
and, as its supplement, _ 
arc BL=167°30’. 
And therefore 
chord KL=13>4’, 
chord BL=119°17’ 
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where 


hypt. BK = 120°. 
And so also, where it was shown 


BK = 15°55’ 
and it is supposed 

AB=56"40’, 
there also 

KL = )Pda 

BL =165?49’ 
and, by subtraction, 

AL=40°51’. 
And 

LM =KH =15°55’. 

And since 


sq. AL+sq. LM =sq. AM, 
we shall have in length 


AM = 43°50’ 
where 
LM =15?55’. 
And therefore 
LM = 43°34’ 
where 


hypt. AM =120?; 
and, as the angle of longitudinal addition-subtraction, 
angle LAM =42°34’ to 2 rt. 
= 24°17" 
And likewise, since 
HM =KL=1?44’ 
where ~ 
AM =43°50’, 
and since the squares on both of them added together give the square on AH, we 
shall also have in length 
AH = 48°52’. 
And therefore 
HM =4°44’ 
where 
hypt. AH =120?; 
and as the angle of latitudinal deviation 
angle HAM =4°32’ to 2 rt. 
22°16) 
And again we shall place this in the third column of Mercury’s table in the same 
row—that is, in the row containing the number of 135°. 
Again, for the comparison of the addition-subtraction, let the drawing be laid 
out without the obliquity. 
And since it was shown that, where 
AB=56?40’, 
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there 
HK =BK =15°55’ 

and, by subtraction, clearly 

AK =40°45’, 
and since 

sq. AK+sq. HK=sq. AH, 

therefore we shall have in length 

AH = 43°45’ 
where 

HK =15°45’. 

And therefore 
HK =48°39’ 
where 

hypt. AH =120?; 
and as the angle of longitudinal: addition-sub- 
traction, 
angle KAH =42°40’ to 2 rt. 
= 21°20’. 

But it was shown to be 21°17’ with the ob- 
liquity. Therefore, in this case, the longitudinal 
addition-subtraction, because of the epicycle’s obliquity, is less by 0°3’. Which 
was to be found. 

Now, for these two stars we worked out the latitudinal passages at the great- 
est obliquities by taking them when the eccentric is in the same plane with the 
ecliptic. But, for the other three stars, we used another geometrical theorem 
since the epicycles’ greatest obliquities come about at the eccentrics’ greatest 
obliquities, and it would be helpful to have the latitudinal passages combined 
from both obliquities calculated out together. 

For again, in the plane at right angles to the ecliptic’s, let AB be its inter- 
section with the ecliptic’s plane, AC its intersec- 
tion with the eccentric’s plane, and DCE its in- 
tersection with the epicycle’s plane. Let A be 
supposed the ecliptic’s centre, and C the epicy- 
cle’s. About C let the epicycle DFEG be drawn 
again so that, of the straight lines drawn perpen- 
dicular to DE, the diameter FCG is in the eccen- 
tric’s plane and parallel to the ecliptic’s, and all 
the rest are parallel to both these planes. Like- 
wise let arc EH be supposed cut off at 45°. And 
with HK drawn perpendicular from the star’s 
point H, and KB and HL from the points H and 
K perpendicular to the ecliptic’s plane, let BL 
and AL be joined. 

It is required to find the longitudinal addition- 
subtraction contained by angle BAL, and the 
latitudinal passage contained by angle HAL. 

Then let AAf be drawn from K perpendicular 
to AC, and let CH and AK be joined. And again, 
because of things already shown, let it be sup- 
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posed that 
CK =HK =84°52’ 
where 
hypt. CH =120?. 
Then, first in the case of Saturn, since it has been demonstrated that the epi- 
cycle’s radius is 6°30’ where the mean distance is 60°, therefore 
CK=HK =4°?36' 
where 
hypt. CH =6°30’. 
And since it is supposed that, as the angle of the epicycle’s obliquity, 
angle ACE =4°30’ 


=9° to 2 rt., 
therefore, on the circle about right triangle CKM, 
arc KM =9°, 
and, as its supplement, ; 
arc CM =171°. 
Therefore : 
chord KM =9°25’, 
4 chord CM = 119°38’ 
where 


hypt. CK = 120°. 

And therefore 
a1 3 KM =0°22’, 
: CM =4°35! | 
where . 
CK =4°36’. 

But, for the greatest obliquity in the apogeal semicircle, from theorems 
already worked out for the anomalies, it is calculated that, as the distance 
about the beginning of the Balance, 


AC =62?10', 
so that, by subtraction, 
| AM =57°35' 
where “ 
KM =0°22'; 


and therefore 
: hypt. AK =57°85’. 
And therefore 
KM =0°46’ 
where. 
hypt. AK =120?; 
and 
angle KAM =0°44’ to 2 rt. 
But it is \AupHased that, as the angle of the eccentric’s obliquity, 
angle BAC =2° 30’ 
= 5° to 2 rt. 
Therefore by addition 
angle BAK =5°44’ to 2 rt. 
And so also, on the circle about right triangle BAK, 
arc BK =5°44’, 
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and, as its supplement, 
arc AB=174°16’. 
And therefore 
chord BK =6°0’, 

chord AB=119?51’ 
where 
hypt. AK = 120°. 
And so also, where 


AK = 57°35’, 
there 
Dk =O 
AB=57°3L, 
and 
BL= Hk = 4236’, 
And since 


sq. AB+sq. BL=sq. AL, 
therefore we shall have in length 
AL = 65742’, 
And likewise, since 
HL=BK =2°53’, 
and 
sq. AL+sq. LH =sq. AH, 
therefore we shal] have in length 
AH =57°46’. 
And so also 
LH = 5°59’ 
where 
hypt. AH =120?; 
and, as the angle of latitudinal deviation, 
angle HAL=5°44’ to 2 rt. 
= 2°52’. 
And we place this in the third column of Saturn’s table alongside of 135°. 
For the greatest obliquity in the perigeal semicircle, since, as the distance 
at the beginning of the Ram, 


AC =57°40' 
where it was shown 

KM =0°22’; 
and likewise 

CM = 4°35’, 
and therefore, by subtraction, 

AM =653°5'; 


and because it is hardly at all greater than AM, 


hypt. AK =53?5’, 
therefore 
KM =0? 50’ 
where : 
hypt. AK =120?; 
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and 
angle KAM =0°48’ to 2 rt. 
And it is supposed 
angle BAC =5° to 2 rt. 
And therefore, by addition, 
angle BA K =5°48’ to 2 rt. 
And so also, on the circle about right triangle BAK, 
arc BK = 5°48’, 
and, as its supplement, 
are Abie 12°. 
And therefore 
chord BK =6?4’, 
chord AB=119°51’ 


where 
hypt. AK =120°. 
And so also 

BK =2°41’, 

AB=53?1’ 
where 

AK = 58?5’. 
And since 


sq. AB+sq. BL=sq. AL 
and it was shown that of the same parts 


BL =4°36’, 
therefore we shall have in length 
AL=538?13’. 
And therefore 
BL= 10°23’ 


where 
hypt. AL =120°; 
and, as the angle of the longitudinal addition-subtraction, 
angle BAL =9°56’ to 2 rt. 


= 4°58’. 
Again, since 
HL=BK =2?41’ 
where 
AL=53?13’, 


and the squares on both added together give the square on AH, therefore 
we shall have in length 
AH =53?17’. 
And therefore 
HL=6°3’ 
where 
hypt. AH =120?; 
and, as the angle of latitudinal deviation, 
angle HAL=5°46’ to 2 rt. 
= 2°53’. 
And we place this in the fourth column of the table beside 135°. 
Then, to make the comparison of the longitudinal addition-subtraction for 
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the perigeal obliquity, again let the figure be 
drawn as having no obliquity. 
And since, where, as the distance at that time, 
AC =57°40’, 
there it is supposed 
CK =HK = 4°36’ 
and, by subtraction, 
AK =538°4’, 
and since 
sq. AK+sq. HK =sq. AH, 
therefore we shall have in length 
Ada = 53"). 
And so also 
HK = 10°22’ 
where | 
hypt. AH =120?; 
and, as the angle of longitudinal addition-sub- 
traction, 
angle HAK =9°54’ to 2 rt. 
= 4°57". 
But with the obliquities it was shown to be 4°58’. 


Therefore the longitudinal addition-subtraction, because of both obliquities, 
is greater by 0°1’. Which was to be found. 
Again, let there be first laid out the drawing with the obliquities, containing 


the ratios we have already demonstrated for Ju- 
piter, so that 


where 


CK =HK =8°8’ 


epic. rad. CH = 11°30’. 
Now since, as the angle of the epicycle’s ob- 
liquity, it is supposed that 
angle ACE =2°30’ 
= 5? tot 2. ntl; 
therefore, on the circle about right triangle CKM, 
| ' are KM=5°, 


and, as its supplement, 


arc CM = 175°. 


And therefore 


where 


ehord kK if=5714", 
chord CM = 11953’ 


hypt. CK =120°. 


And so also, where 


there also 


CK = 88’ 
and, as the distance about the beginning of the Balance, 


AC =62°30, 


KM =0P21’, 
CM =8°9', 
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and, by subtraction, 
AM = 54°22’; | 
and therefore, since it is hardly at all greater than AM, 
hypt. AK = 54°22’. 


KM =0°406’ 
hypt. AK = 120°; 


angle KAM =0°44’ to 2 rt. 
But it is also supposed that, as the angle of the eccentric’s obliquity, 
~ angle BAC =1°30' 
=3° to 2 rt. 


And therefore 
where 


and 


And therefore, by addition, 
' angle BAK =3°44’ to 2 rt. 
And so also, on the circle about right triangle BAK, 
arc BK =3°44’, 
and, as its supplement, 
arc AB=176°16’. 


chord BK =3°54’, 
chord AB =119?56’ 


And therefore 


where 
. ~hypt. AK =120?. 
And so also 
BK =1°46’, 
AB= 54°20’ 
where 
AK =54?22’, 
And by what hes been already demonstrated 
BL=8°8', 


‘Since the squares on AB and BL added together give the square on = we 
shall have in length 


AL=54?56’. 
And likewise, since 
HL=1°46’, 
and the squares on AL and HL together give the square on AH, we shall have 
AH= 54°58". 
And so ald 
Hi=3? 52’ 
where 


hypt. AH = 120°; 
and, as the angle of latitudinal deviation, 
angle HAL =3°42’ to 2 rt. 
= 1°51’. 
This we place 1 in the third column of Jupiter’s table Wéaide 138°. 
Likewise, since again as the distance at the beginning of the Ram 
AC =57°30’, 
CM = 88’ 
where it was shown 
KM =0°21', 
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so that, by subtraction, and since it is hardly at all greater than AK, 
AM = AK =49°22’. 
And therefore also 
KM =0°51’ 


f \ hypt. AK =120?; 
angle KAM =0°49’ to 2 rt., 


where 


and 


and, by addition, 
angle BAK =3°49’ to 2 rt. 
And so also, on the circle about right triangle AKB, 
arc BK =3°49’, 
and, as its supplement, 
a arc AB=176°11’. 


And therefore 
| chord BK =3°59’, 
chord AB=119°56’ 
where 
\ bag pAsdaten a0 
And so also 
BK =1°39’, 
AB =49?20’ 
where 
AK =49°22’. 
And therefore, since 
BL=8°8', 


and the squares on AB and BL added together make the square on AL, there- 
fore we shall have in length 
AL=650°0’. 
And so also 
BL=19°31’ 
where 
athe hypt. AL=120°; 
and, as the fadls of longitudinal additionsubtraiétion, 
angle BAL= 18°44’ to 2 rt. 


= 9°22’, 
Again, since 
HL=1°39' 
where 
AL=50?, 


and the squares. on them added together give. the square on AH, therefore we 
shall have in length 

AH =50?2’, 

And therefore 

HL=3°57%4 

where 
hypt. AH =120?; 
and as the angle of latitudinal distance 
angle HAL =3°46’ to 2 rt. 
= 1°53’. 
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This we place in the fourth column of the table beside 135°. 
For the comparison of the longitudinal addition-subtractions, let the drawing 
be laid out without the obliquities. u 
Since, at the given distance, where 
HK =CK =8°8’, 
there by addition 


AC =57°30/ 
and, by subtraction, 
AK =49°22’: 


and since 
sq. AK-+sq. HK=sq. AH, 
therefore we shall have in length 
AH =50?2’. 
' And so also 
HK =19°30’ 
where 
hypt. AH = 120°; 
and, as the angle of longitudinal addition-sub- 
traction, 
angle HAK = 18°42’ to 2 rt. 
= 9°21": 
But with the obliquities it was shown to be 9°22’. 
Therefore, again, the longitudinal addition-sub- 
traction, because of both obliquities, is more by 0°1’. Which it was required 
to find. 1 s dd 
Next for the ratios of Mars, first let the drawing of the obliquities be laid out, 
and again let it be concluded that 


CK =HK = 27°56’ 
where 
epic. rad. CH =39°30’. 

Now, since as the angle of the epicycle’s ob- 
liquity it 1s supposed that ; Gil} 2 
| ‘angle ACE =2°15’ 
= 4°30’ to 2 rt., 
therefore, on the circle about right 

triangle CM K, 
arc KM =4°30’ 

and, as its supplement, 

are CM =175°30'. 

And therefore 
chord KM =4?43’, 
chord CM =119°54’. 

where. 

hypt. CK = 120°. 
And so, where 


CK =27°56’, 
and as greatest distance 
AC = 66", 
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there also 
KM =1°6’, 
CM = 27°54’, 
and, by subtraction, 
AM =38°6’; 
and therefore also 
hypt. AK =38°7’. 
And therefore 
KM =3°28' 
where 
hypt. AK =120?; 
and 
angle KAM =38°19’ to 2 rt. | 
But it is supposed that, as the angle of the eccentric’s obliquity, 
angle BAC =1° 
= 2° to 2 rt. 
And therefore, by addition, 
angle BAK =5°19’ to 2 rt. 
And so also, on the circle about right triangle BAK, 
arc BK =5°19’ 
and, as its supplement, 
arc AB=174°41’. 
And therefore 
chord BK = 5°34’, 
chord A B=119?52’ 
where 
hypt. AK = 120°. 
And so also, where 


AK =38°7’, 
there also 

BK =1°46’, 
and 

AB =38°5'. 
But 

BL a2Z7°56 « 
And since 


sq. AB+sq. BL=sq. AL, 
we shall have in length 
AL=47?14', 
And since of like parts 
HL= 1°46’ 
and 
sq. AL+sq. HL=sq. AH, 
therefore we shall have in length 
AH =47?16’. 
And so also 
HL = 429’ 


445 
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where 
hypt. AH =120?; 
and as the angle of latitudinal distance 
angle HAL=4°18’ to 2 rt. 
= 2°9%. 
This we place in the third column of Mars’ table beside 135°. 
Likewise, for the obliquities at the least distance, since 


AC = os" 
CM =27754' 
where it was shown 
KM = 1°6', 
so that, by subtraction, ‘ 
AM =26°6' 
and it is calculated that . ) 
hypt. AK =26°7’: 
therefore 
hu = 823" 
where 
hypt. AK = 120°; 
and 1 


angle KAM =4°49’ to 2 rt. 
And for that reason, by addition, , — . 
angle BAK =6°49’ to 2 rt. 
And so also, on the circle about right triangle ABK, 
arc BK =6°49’ 
and, as its supplement, 
arc AB=173°11'. 
And therefore 
chord BK =7°8’, 
chord AB =119?47’ 


where 
hypt. AK =120°. 
And so also 
BK= 1°33’ 
and 5 
AB = 26?4' 
where 
A K =26°7’. 
And again, of like parts, 
BL= 27°56’. 


And since 
sq. AB+sq. BL=sq. AL, 
we shall have in length 
AL=38?12’. 
And so also 
BL=87°45' 
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where 
hypt. AL=120P; 
and, as the angle of longitudinal addition-subtraction, 
angle BAL=94° to 2 rt. 


= 47°, 
Likewise, since 
po Wa ey 
where 
AL=38?12’, 


and since the squares on them added together give the square on AH, therefore 
we shall have in length 
AH =38°14’. 
And so also 
HL = 4°52’ 
where 
hypt. AH =120?; 
and as the angle of latitudinal distance 
angle HAL =4°40’ to 2 rt. 

‘a = 29208: 
This we place in the fourth column of the table beside the 135°. 

And now again, for the comparison of the longitudinal addition-subtractions, 
if we lay out the drawing without the obliquities, then, at the least distance 
where the difference is necessarily most sensible, 

AC: CK or HK :: 54? : 27°56’; 

so that for this reason, by subtraction, 

AK =26°4' 
and it is calculated 

hypt. AH =38?12’. 
: “ And therefore also, again, 
HK =87°45' 
4 Where 


D 


hypt. AH =120?; 

and, as the angle of longitudinal addition-sub- 

traction, 
5 angle HAK =94° to 2 rt. 

bah 07°: 

But from calculations with the obliquities it was 
shown to be just that much. Therefore, in the case 
of Mars, the longitudinal addition-subtraction 
does not differ as a result of the obliquities of the 
circles. Which was to be found. 

The fourth columns of the two tables of Venus 
and Mercury will contain the latitudinal passages 
embraced by the greatest slantings of the epicycles 
which occur at the eccentrics’ apogees and perigees. But these passages have 
been worked out by us independently and separate from the difference due to 
the eccentrics’ obliquities. Otherwise we should need more tables and a difficult 
calculus, smce the evening and morning passages will be unequal and never at 
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the same parts of the ecliptic; and besides, since the obliquity of the eccentrics 
varies, the differences in the decreases for the greatest obliquities would not 
agree with those in the decreases for the greatest slantings. But with the differ- 
ence separated out, each case can be more easily handled as will be clear from 
what we are going to add. 

Let AB be the intersection of the ecliptic’s plane and the epicycle’s plane, 
point A being supposed the ecliptic’s centre and B 
the epicycle’s centre. And let epicycle CDEFG be 
drawn about B slanting to the ecliptic’s plane— 
that is, so that the straight lines drawn in them 
perpendicular to the intersection CG make equal 
all the angles resulting at the points CG. Let AE 
be produced tangent to the epicycle, and AFD 
cutting it at random. And let DH, EK, and FL 
be drawn from points D, E, and F- perpendicular 
to CG; and DM, EN, and FX perpendicular to 
the ecliptic’s plane. And let HM, KN, and LX 
be joined; and also AN and AXM. For AXM is 
one straight line, since the three points are in two 
planes—that of the ecliptic and that through AFD 
at right angles to the ecliptic’s. 

Now, it is evident that, for the given slanting, 
angles HAM and KAN contain the longitudinal 
addition-subtractions of the stars, and angles 
DAM and EAN the latitudinal addition-sub- 
tractions. 

It is first necessary to show that the latitudinal 
passage (angle HAN) formed at the tangent is 
greater than any others, just like the longitudinal 
addition-subtraction. 

For, since angle EAK is greater than any others, 

EK:AE>DH:AD 
>FL: AF. 


But 

EK:EN::DH:DM::FL: FX. 
For the triangles thus formed are all equiangular as we said, and the angles 
at M, N, and X are right. And, therefore, 

EN:AE>DM : AD 
>FX : AF. : 
And, again, the angles DMA, ENA, and FXA are right angles; therefore 
angle HAN >angle DAM 

and greater than all the others formed in the same way. 

It is immediately evident that, of the differences resulting in the longi- 
tudinal addition-subtractions from the slanting, the greatest is effected in 
the greatest passages at H, since they are contained by the angles subtending 
the differences of HD, KE, and LF over HM, KN, and LX. Since the same 
ratio holds for each, it follows, relative to the differences, that the difference 
between EK and KN has a greater ratio to EA than those of any others to 
jines similar to AD. It is immediately clear also that, whatever ratio the 


ee 
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greatest longitudinal addition-subtraction has to the greatest latitudinal 
passage, that ratio the longitudinal addition-subtractions in each case have 
to the latitudinal passages for all sections of the epicycle, since as EK is to 
EN so are all lines like FL and DH to those like FX and DM. Which it was 
required to show. 

Now, with these things worked out, let us see first how great an angle is 
contained, for each of the stars, by the slant of the planes, if we suppose, ac- 
cording to postulates already assumed at the beginning, that about midway 
between the greatest and least distance each of them is at the most 5° north 
and south of the opposite passage on the epicycle. For Venus appears to make 
a deviation at the eccentric’s perigee and apogee of hardly more or less than 
5°, and Mercury of 144° more and less than 5°. 

Now, again, let ABC be the intersection of the ecliptic and the epicycle. 

With the epicycle drawn about point B aslant the 

S ecliptic’s plane as we have described, let AD be 

joined tangent to the epicycle from the ecliptic’s 

centre A. From D let DF be drawn perpendicular 

to CBE, and DG perpendicular to the ecliptic’s 
plane. And let BD, FG, and AG be joined. 

And let angle DAG, containing half of the given 
latitudinal deviation, be supposed to be 214° for 
either of the stars. And let it be required to find 
the slant of the two planes—that is, the size of 
angle DFG. 

Now, in the case of Venus, since where 

epic. rad. = 43°10’, 


there 
greatest dist. =61°15’, 

least dist. = 58°45’ 
and 

mean dist. = 60?, 
therefore 

AB: BD:: 60° : 43°10’. 

And since 


sq. AB—sq. BD=sq. AD, 
we shall have in length 
AD =41°40’. 
And likewise, since 
AB: ADus BD : DF, 
we shall have 
DF = 29°58’. 
Again, since it is supposed that 
angle DAG =2°30’ 
= 5° to 2 rt., 
therefore, on the circle about right triangle ADG, 
arc DG=5° 
and 
chord DG =5?14’ 
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where 

: hypt. AD=120?. 
And therefore 


DG = 1°50’ 
where 
AD =41°40’, 
But it was shown 
DF =29°58’. 
And so also Te 
DG =7°"20' 
where 


) hypt. DF =120?; 
and, as the angle of slant, 
angle DFG=7° to 2 rt. 
= 3°30’. 
But since the excess of angle DAF over angle GAF contains the resulting dif- 
ference of longitudinal addition-subtraction, it must be calculated directly from 


their size. For since it was shown that 
hypt. AD =31°40’ 


and 
DF =29°58’ 
where 
DG = 1°50’; 
and since 


sq. AD—sq. DG=sq. AG, 
sq. FD—sq. DG =sq. FG, 
therefore we shall have in length 


AG=41°37’, 
FG = 29°55!,. 
And so also 
FG = 86°16’ 
where 
hypt. AG= 120°; 
and 
angle FAG =91°56' to 2 rt. 
= 45°58’. : 
And likewise, since 
DF =86?18’ 


where 
hypt. AD=120?; © 
and we shall have 
angle DAF =91°58’ to 2 rt: 
—i7 OO 
Therefore the longitudinal addition-subtraction, as a result of the slant, is less 
by ut. | 


en ee ee 
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And, in the case of Mercury, since where 
epic. rad: = 22°30’, 
there it was shown 
greatest dist. = 69, 
least dist. = 57°, 


and 
mean dist. = 63°, 
therefore : 
AB: BD : : 68°? : 22°30’. 
And since 


sq. AB—sq. BD=sq. AD, 
we shall have also in length 

AD=58?51’. 
And likewise, since 

AB, AD: BDADF, 

therefore of the same parts 

Dy —2Ta, 

Again, since it is supposed that 
' angle DAG=5° to 2 rt., 

therefore, on the circle about right triangle ADG, 


arc DG=5°; 
and 
chord DG= 514’ 
where 
hypt.. AD =120°. 
And therefore ) 
DG = 2°34’ 
where 
/ yi AD = 58P5i’. 
But also it was shown 
\ | DF=21°1’. 
And so also 
DG= 14°40’ ° 
where 


_hypt. DF = 120°; 
and as the angle of slant ™ | 
angle DFG =14° to 2 rt. 
es 
Likewise, for the comparison of the angles of addition-subtraction, since again 
it was shown | 
hypt. AD =5851’ 


and 

DF = 151 
where 

DG = 2°34’, 
and since 


sq. AD-sq. DG=sq. AG, 
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sq. DF-sq. DG =sq. FG, 
therefore we shall have in length 


AG =58?47’, 
FG = 20°53’. 
And so also 
FG = 42°38’ 
where 
hypt. AG=120?; 
and 
angle FAG =41°38’ to 2 rt. 
= 20°49’. 
And in the same way, since 
DF =42°50’ 


where 
hypt. AD =120?, 
therefore we shall have | 
angle DAF = 41°50’ to 2 rt. 
= 20°55’. 
Therefore the longitudinal addition-subtraction, as the result of the slant, 
is less by 0°6’. Which it was required to find. : 
Following this, let us see if, when we suppose these to be the sizes of the 
slants, we find the latitudinal passages at the 
greatest and least distances consistent with those Cc 
gotten by observations. | 
Again, with the same drawing, let Venus’ great- 
est distance be supposed first—that is, let 
AB: BD : 261?M5' 448°, 
so that, since 
sq. AB-—sq. BD=sq. AD, 
therefore it is concluded 
AD = 43°27’. 
But 
AB:AD::BD:DF; 
and therefore 
DF =30°37’'. 
Again, since it is supposed that, as the angle 
of slant, 
angle DFG=7° to 2 rt. 


and that 
DG =7°20' 

where 

DF =120?, 
therefore 

DG = 1°52’ 
where 

DF =30°37’ 

and 


AD = 43°27’. 
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And so also 
DG =5?9’ 
where 
hypt. AD =120?; 
and, as the angle of greatest latitudinal deviation, 
angle DAG =4°54’ to 2 rt. 


= 
And at the least distance, since it is supposed that 
AB = 5845’ 
where 
epic. rad. BD = 43°10’, 
and since 


sq. AB-—sq. BD=sq. AD, 

therefore we shall have in length 

AD =39°51’. 
And likewise, since 

AB:AD::BD: DF, 

therefore 

DF =29°17’. 

But it is supposed that 
De : DE :: 120": 7°20 

And therefore 


DG = 1°47’ 
where 
DF =29°?17' 
and 
AD=839°51’. 
And so also 
DG = 5°22’ 
where 


hypt. AD=120?; 
and as the angle of greatest latitudinal deviation 
angle DAG =5°8’ to 2 rt. 
= 2°34’. 

Therefore the latitudinal deviation is insensibly less at the apogee, and in- 
sensibly more at the perigee, than the deviation of 244° assumed in mean 
terms. For at the greatest distance it is less by 0°3’, and at the least distance 
more by 0°4’, which obviously cannot be gotten by observations. 

Again, let the greatest distance of Mercury be supposed—that is, let 

AB : BD : : 69° : 22°30’, 
so that by the same means as above it is concluded that of the same parts 
AD=65°14' 
and 
DF =21°16’. 
But here we have, as the supposed angle of slant, 
angle DFG = 14° to 2 rt., 
and therefore we have 
DG = 14°40’ 
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where 
hypt. DF =120°. 
And therefore 


DPG=2°30' 
where 
DF = 21°16’ 
and 
AD =65?14’. 
And so also 
DG = 4°47’ 
where 


hypt. AD=120?; 

and, as the angle of greatest latitudinal deviation, 

angle DAG =4°34’ to 2 rt. 

=o li. 
At the least distance it is supposed that 
AB: BD : : 57? 3Ba30s 

And since because of the same slant it is supposed 
that 

DF : DG : : 120" : 14°40’, 


therefore 
DG = 2°32’ 
where 
DF = 20°40’ 
and 
AD =52?22’, 
And so also :; 
DG = 5°48’ 
where 
hypt. AD=120?; 
and 


angle DAG =5°32’ to 2 rt. 
3 2°46’. 74 

Therefore the latitudinal deviation at the apogee differs at the least by 
0°13’ and at the perigee at the most by 0°16’ from the deviation of 214° as- 
sumed in mean terms. In place of these we shall use, for’ the mean correction 
in the calculus, the sensible 14° difference of the SiMe Vitides 2 | 

With these things demonstrated—and because, as the greatest longitudinal 
addition-subtractions are to the greatest latitudinal passages, so are the par- 
ticular longitudinal addition-subtractions for the other sections of the epicycle 
to the particular latitudinal passages—the filling in of the latitudinal passages 
due to slanting, in these fourth columns of Venus’ and ‘Mercury’s tables, is 
immediately available to us, although these passages, as we said, are cal- 
culated with only the slanting of the epicycles and from the mean addition. 
Because of greater ease in the calculus which will be given, the difference for 
Mercury, due to the eccentrics’ obliquity at the apogee and perigee, will pro- 
vide the correction. 

Since, according to the given mean terms, the greatest latitudinal passage 
of both stars on either side of the ecliptic was shown to be 2°30’, due to slant- 
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ing; since the greatest longitudinal addition-subtraction for Venus is 46° and 
for Mercury very nearly 22°; and since we have given in their Tables of Anom- 
aly the addition-subtractions corresponding to the particular sections of the 
epicycles, it follows that whatever part these latter are of the greatest longi- 
tudinal addition-subtractions as wholes, we take that part of the 2°30’ for 
each star, placing the result in the fourth columns of the Tables of Latitude 
beside the same numbers. 

We have the fifth columns for truly determining, by the method of cor- 
responding sixtieths, the latitudinal deviations in the other passages of the 
eccentrics. For since, as we said, the obliquities and slantings of the epicycles 
make their return of increase and decrease proportionately with the eccentric 
return, by the interposition of little circles, and the quantities of all the ob- 
liquities and slantings are not very different from that of the moon’s oblique 
circle, and since the particular deviations for obliquities of such amounts are 
very nearly proportional and we have those of the moon all worked out 
geometrically, we multiplied each of the entries there by twelve (because the 
greatest addition there is 5° and here we are considering it as 60°). The results 
we have placed beside the proper numbers in each of the fifth columns. The 
tabulated exposition follows: 
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Numbers 


VENUS’ OBLIQUITIES 
4 


2 


from 
A pogee 


6 
12 
18 
24 
30 
36 
42 
48 
54 
60 
66 
72 
78 
84 
90 
93 
96 
99 

102 
105 
108 
111 
114 
117 
120 
123 
126 
129 
132 
135 
138 
141 
144 
147 
150 
153 
156 
159 
162 
165 
168 
171 
174 
177 
180 


354 
348 
342 
336 
330 
324 
318 
312 
360 
300 
294 
288 
282 
276 
270 
267 
264 
261 
258 
255 
252 
249 
246 
243 
240 
237 
234 
231 
228 
225 
222 
219 
216 
213 
210 
207 
204 
201 
198 
195 
192 
189 
186 
183 
180 
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MERCURY’S 
OBLIQUITIES 
3 4 

Ob- Slant- 
liquity ing 
1 45 0 lil 
1 44 Q 22 
1 43 0 33 
1 40 0 44 
1 36 0 55 
1 30 1 6 
1 23 1 16 
ggg 1 20 
ip aAS 1 35 
0 59 1 44 
0 49 1 52 
0 38 2 0 
0 26 Bri 
0 16 2 14 
0 0 2 20 
0 8 2 23 
0 15 2 25 
0 23 2 27 
Oncor 2 28 
0 40 a *29 
0 48 2 29 
0 57 2 30 
1 6 2 30 
1 16 2 30 
bos 25 2. 29 
1 35 2 28 
1 45 2 26 
1.° 55 2, 20 
a yO 2. 20 
2 16 216 
2° 27 Jaa 
2 37 2°56 
2 47 air uO 
2» 57 1, 53 
3-<yt 1 46 
3 17 1 38 
3 26 1. 29 
3 34 1 20 
3 42 i 
3 48 0 59 
3 54 0 48 
3 58 0 36 
4 2 0 24 
4 4 0 “12 
4 5 0 O 
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6. CALCULUS OF THE LATITUDINAL DEVIATION OF THE FIVE PLANETS 


With these things so established, we shall work out the latitudinal calculus of 
the five planets in this way. 

In the case of the three stars, Saturn, reer and Mars, we carry the truly 
determined longitude to the numbers. of the proper table, that of Mars as it is, 
Jupiter’s with a subtraction of 20°, and Saturn’s with an addition of ‘50°. We 
record the sixtieths in the fifth columns of latitude corresponding to it, and like- 
wise we carry the truly determined number of anomaly to the same numbers. If 
the truly determined longitude is in the first 15 rows, we multiply the corre- 
sponding latitudinal difference in the third column by the given number of six- 
tieths; but if it is in the rows following, we multiply that in the fourth column. 
We shall have the star north of the ecliptic by the number of degrees resulting 
from these operations if we have taken the latitudinal difference from the third 
column; but south of it by that much if we have taken it from the fourth column. 

But in the case of Venus and Mercury, we first carry the truly determined 
number of anomaly to the numbers of the proper table, and we record separately 
the corresponding numbers in the third and fourth cohitans of latitude—those 
in three of the columnis as they are, but those in the fourth column of Mercury 
with a subtraction of 10° if the fraby determined longitude i is in the first 15 rows, 
and with an addition of 10° if below. Then, for Venus, we always add 90° to the 
truly determined longitude, and for Mercury 270°, subtracting a circle if we can. 
The result we carry to the same numbers; and whatever number of sixtieths in 
the fifth column correspond to these numbers, just so many do we take of the 
numbers recorded from the third column. When the longitude with the given 
addition is in the first’: 15 rows, we shall set out the result as south, if the truly 
determined number of anomaly is in the first:15 rows, but as north if it is in 
those that follow. And when this number of longitude falls in the rows below the 
first 15; we shall set out the result as north if the number of anomaly is in the 
first 15 rows, but as south if it is in those that follow. 

Next we carry the truly determined longitude to the same numbers: in the. 
case of Venus, simply as it is, but in the case of Mercury, with an addition of 
180°. Whatever number of sixtieths lie beside it in the fifth column, just.so many 
do we take of the numbers recorded from the fourth column. And when, as we 

said, the longitude we carried over falls in the first.15 rows, we shall set out the 
Hasult as north if the truly determined number of anomaly i is among those up to 
180°, but as south if above 180°. When this longitude falls below these 15 rows, 
we shall set back the result as south if the anomalistic number is among those up 
to 180°, but as north if above. 

Finally taking, of these sixtieths found roth the second carrying over the 
longitude, the same part as they were of 60, we shall set forth, for Venus, 1 of 
the result always to the north, and for Mercury, 3% of the result always. 0 the 
south. Thus, from the mixture of the three settings forth, we get their apparent 
latitudinal passage with respect to the ecliptic. 


7. On THE HELIACAL RISINGS AND. SETTINGS OF THE FIVE PLANETS 


Now that we have worked through the latitudinal deviation of the five stars, 
we have left the filling out of those things which must be considered concerning 
their heliacal risings and settings. For, just as we described them in detail in the 
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treatise on the fixed stars, it turns out that their elongations on the ecliptic with 
respect to the sun are differently unequal in the case of their risings and settings 
for many causes. The first of these is due to the inequality in their magnitudes; 
the second to the dissimilarity of the ecliptic’s inclinations to the horizon’s; and 
the third to their latitudinal passages. . 
For if, again, we consider the sections of great circles (AB of the horizon and 
| CD of the-ecliptic); if we suppose the 
point E their intersection either eastern or 
western, and points C and A’ lying on the 
meridian, and D the sun’s centre; and if 
we draw through it and the horizon’s pole 
section DBF of a great circle, and suppose 
the star to rise or set on the horizon AEB 
(clearly at # when on the ecliptic; at G 
when north of the ecliptic; and at H when 
» south of it); and draw from G and H the 
\ perpendiculars GK and HL, then again we 
shall have arc BD, as always, atte to the arc of the sun’s lidtemrab below the 
earth when the stat will first be seen or disappear. For at equal distances below 
the earth, along the great circle so drawn, the sun’s rays give the same light. But 
since first this distance is established later on to be unequal for the different un- 
equal stars, necessarily, even if all the other things are the same, the ecliptic arcs 
subtending the right angle subtending the right angle (that is, the distances 
similar to ED) are different, igi less for the larger stars, and greater for 
the smaller. 

Likewise, if BD is the same for the same _— and BED the angle of inclina- 
tion of the ecliptic is unequal eithér from the differences of the dodecatemories 
or from‘those of the latitudes; again the arc ED will differ and will be greater 
when the given angle is decreased, and smaller when it is increased. And like- 
wise even if the inclination.is first presupposed the'same, but the star not on the 
ecliptic but north at G or south at H, then it will no longer appear or disappear 
first when it is arc DE away; but, eH it is north of the pins gt DK will be 
less, and when south, DEL will be greater. 

Therefore it is necessary for the examination of particular cases that general 
sizes of the arcs BD be first given, for each of the five planets, from carefully 
observed risings. Such would be those in summer about the Crab because of the 
lightness and clearness of the air at that season, and because of the mean value 
of the ecliptic’s inclination to the horizon. Then we find by this examination 
of the morning observations that, at the beginning of the Crab, Saturn rises 
generally when it'is 14° from the true sun; Jupiter — ng ae it is 1234° 
away; and the evening Mercury when it is 11 16° away. 

With these things supposed, let the figure of the preceding paras be laid out 
since there:is no difference in the case of arcs of this size if, for facility in cal- 
culation, we take the ratios of the chords (for they are sensitly no different). 
And let point # of intersection of the ecliptic and the horizon be the rising 
point in the foregoing appearances at the beginning of the Crab for the three 
morning planets Saturn, Jupiter, and Mars; and the setting point, of course, 
for the evening planets Venus and Mercury. And let the latitude be taken 
as the parallel through Phoenicia where the longest day is 14144 equatorial 
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hours, since especially at and near this parallel the most and trustworthy ob- 
servations have been made, those of the Chaldeans on it, and those of Greece 
and Egypt near it. 

Since, then, from the previous demonstration concerning angles [11, 13], when 
the beginning of the Crab rises in the 
given latitude, we find 

angle BED =103° to 2 rt., 

and therefore the ratio of the sides about 
the right angles is very nearly 94 to 75 to 
the hypotenuse’s 120; and since by means 
of the latitudinal theory, when the three 
lone stars rise near the beginning of the 
Crab (that is, are passing near the apogees 
of the epicycle so as never to be farther 
from the apogee than a dodecatemory), 
we find Saturn and Jupiter practically on the ecliptic, but Mars nearly 1° 
north; therefore DE will be the elongation of Saturn and Jupiter from the 
sun along the ecliptic, but DK that of Mars because of its being farther north by 
the 12’ of are KG. 


And since 
KG: KE::94: 75, 

therefore 

KE=0°10'. 
And it is assumed in the case of Mars 

DK =1414°, 
so that altogether | ' 

DE =14°40. 


In the case of Saturn, it is 14°; and of Jupiter, 1234°. And so, since ir 
DE: DB :: 120: 94, 

we shall have are DB of the great circle varie iireingh the poles of the horizon 

equal to 11° in the case of Saturn, 10° in the case of Jupiter, and very nearly 

1114° in the case of Mars. 

Likewise in the case of Venus and Mercury—since, when the beginning of the 
Crab sets, it makes the same angle and inclination with the horizon as the fore- 
going, and it is supposed that about this part the evening Venus rises 524° from 
the true sun and Mercury 1114°—the true sun will be situated at their risings 
2414° within the Twins in the case of Venus, 1814° in the case of Mercury; the 
mean sun, 25° in the case of Venus, and very nearly 19° in the case of Mercury. 
Therefore, the mean longitudinal movement of these stars was that number of 
degrees. When with this longitude they appear at the beginning of the Crab, 
Venus is found to be about 14° from the epicycle’s apogee, and Mercury about 
32°. This is shown by the theorems already expounded on the anomaly. Conse- 
quently, in these passages, Venus is found 1° north of the ecliptic and Mercury 
very nearly 128°, which of course is AG. And so, since 

KG: EK ::94:75::1:%, 
or very nearly 
KG: EK ::1344:1%, 
in the case of Venus we shall have 
EK =%4°; 
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in the case of Mercury 
EK=114°. 
And it is supposed, in the case of Venus, 
DK = 524° 
where DK is the elongation of either planet from the sun; and in the case of 
Mercury 


Dk =1114°. 
Therefore we shall have altogether 
DKE=6%° 


in the case of Venus; and in the case of Mercury 
DKE =1236°. 
And so, since again 
-ED:BD::120:94::6%:: 5, 
or very nearly 
ED:BD::12 56:10, 
we shall have the arc BD, the value of the general distance as 5° in the case of 
Venus, and 10° in the case of Mercury. Which it was required to find. 


8. THAT THE PARTICULARITIES OF THE HELIACAL RISINGS AND SETTINGS 
oF VENUS AND MERcuRY AGREE WITH THE HYPOTHESES 


We can thus understand that even the extraordinary things concerning the 
heliacal risings and settings of Venus and Mercury are consequent upon these 
hypotheses; that is, that in the case of Venus the time from the evening setting 
to the morning rising about the beginning of the Fishes is about 2 days, but 
about the beginning of the Virgin 16 days; and that in the case of Mercury the 
evening risings are eclipsed when it should appear at the beginning of the Scor- 
pion; and the morning risings when it should appear at the beginning of the 
Bull. And first the case of Venus. | 

For let a drawing of the apparitions similar to the preceding one be laid out. 
Let point £# be first supposed near the beginning 
of the Fishes where Venus, when at the perigee 
of its epicycle, is north of the ecliptic by very 
nearly 614°. Let it also be supposed [to represent] 
the figure of the evening setting where angle BED 
in the given latitude totals 154° to 2 right angles’ 
360°, with the greater side of those about the 
right angle as 117 to the hypotenuse’s 120, and 
the lesser side very nearly 27. Therefore, where 
. the arc DB of the general distance is 5°, there 

DE=5°8’. 
But since the star is 614° north of the ecliptic or 
arc KG, and 
117 :27::64:14% 
very nearly, therefore 


C 


KE=114°, 
and, by subtraction, 
KD =3°38' 


which is the elongation of the star eastward from the sun, in its evening setting. 
Again, in a similar drawing, since in the morning rising 


462 PTOLEMY 


angle BED =69° to 2 rt., 
therefore the lesser of the sides about the right Ps 
angle is 68 to the hypotenuse’s 120, and the 
greater is 99. And 
68° : 120° : : 5° : 8°49’, S 
68° : 99°: 6160 : 9°13"; 

therefore'wé shall have A A G 

DE=8°49’, 
and the difference due to latitude | 

KE=9°13'; 
and, by subtraction, eastward of the sun, 

DK= 0°24’. 3 
And at the evening setting it was likewise eastward 3°38’. Therefore it has 
moved, in the time from the evening setting to the morning rising, less than 
the sini’s movement—that is, less than its proper longitudinal passage, be- 
cause of the epicyclic retrogression of 3°14’. Since, then, the star moves west- 
ward by so many degrees, as is easily seen from the Table of Anomaly, when 
it has moved 1 YA ° at the perigee of the epicycle, and passes through these 
in mean motion in very nearly 2 days, it is evident that just so much time 
would be taken for that distance in conformity with the appearances. 

Again, in a similar drawing, let the point EH be supposed ‘at the beginning 
of the Virgin where Venus, when at the 
epicycle’s perigee, appears very nearly 
614° south of the ecliptic. And let the 
evening setting be first proposed when 
angle BED =69° to 2 rt.,. 
and the lesser of the sides about the 
right angle is 68 to the hypotenuse’s 
120, and the greater very nearly 99. 
Since the same ratios are here as those 
relative to the morning rising of the 
Fishes, the latitudinal distance being 
equal, we shall have 

arc HD =8°49’, 
and, as difference due to latitude, 


Ok 


F 


LE=9°13’, 
and, as the total elongation of the star eastward from. the sun, 
DL = 18°2’. 


By the Table of Anomaly, as we said, to that number of degrees of the sun’s 
and star’s retrogression in mean ihotion correspond very neatly 716° from 
the epicycle’s perigee. 

Likewise since, at the morning rising near the beginning of the Virgin when 

' angle BED =154° to 2 rt., 

the greater side about the right angle is 117 to the hypdtehuse’ s 120, and the 
lesser side 27, and the same ratios are deduced as those set out for the evening 
setting in iis Fishes, we shall have 
arc DE =5°8’, 
and as difference in latitude | 
mongL = 130%; 


THE ALMAGEST, XIII 463 


and, as the total elongation of the star westward from the sun, 

DE=6°38"* 
In he same way to these correspond very ‘nearly 214° from the epicycle’s 
perigee. Therefore Venus, from the evening setting to the morning rising, will 
move 10° which it’passes through in very nearly. 16 days in conformity with 
the appearances. 

These things being proved, it is necessary to consider the incidents of Mer- 
cury regarding the eclipsed risings; and first that, at the beginning of the 
Scorpion, even if it is at its greatest elongation eastward from the sun, the 
evening rising cannot appear. 

For let the drawing of these risings be laid out, Z vai supposed the point 

on the eeligiin near the beginning of the 
rF Scorpion, where at the setting 
angle BED=69° to 2 rt., 

and the lesser side about the right angle 

is 68 to the hypotenuse’s 120, and 

the greater 99. Therefore where BD, the 
general distance, is 10°, there 
DE= 17 39), 

But when the star has that position, it is 
. very nearly 3° south of the ecliptic. And 

so, since for the given ratios 


LE =4°22’ 
where, as arc of latitude, 
15 og 
and the total 
DEL 222" 


This is the elongation of the star from the true sun necessary for its first ap- 
pearing. And so, since its greatest elongation from the true sun in the be- 
ginning of the Scorpion is only 20°58’ (for this was proved by us in the demon- 
strations concerning the greatest elongations), it is evident that such risings 
are eclipsed. 

But again if—with a similar drawing of the risings set out—we suppose 
the point # the beginning of the Bull at the morning rising, then, when the 
star in the given passages is very nearly 31° south of the ecliptic and the 
ratios about the right angles are the same as before, we shall have 


DE =17°39’, 
and 
bB=AST' 
where as arc of latitude 
HL=3°10', 
and the total 
DEL = 27°16. 


And so the star will have to have an elongation from the true sun of just that 
amount to be first seen. Since at the most its elongation does not exceed 
22°13’ as shown above [Book XII], risings of this kind are eclipsed. And the 
things proposed have been shown by us to be consonant with the appearances 
and with the given hypotheses. 
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9. THe METHOD FOR THE PARTICULAR DISTANCES FROM THE SUN 
OF THE RISINGS AND SETTINGS 


It is immediately evident that, in general (arcs BD being supposed for each 
of the stars and the beginning of the dodecatemories being given at the in- 
tersection E and therefore angle BED), DE will also be given and the star’s 
latitudinal passage at this elongation—that is, KG or HL; and, therefore, 
KE or EL, and also the apparent distance DK or DL. In this way we have 
calculated for every dodecatemory (not to make the treatise long) the ap- 
parent elongations of the risings and settings from the true sun for each of the 
5 stars, and for the given latitude only, as being sufficient. Using only the be- 
ginnings of the dodecatemories, we have arranged them below, for easy use, 
in 5 tables for the 5 stars, each containing 12 rows. The first of them we have 
arranged in columns of 3, the first columns containing the beginnings of the 
dodecatemories; the second, the elongations of the morning risings; and the 
third the elongations of the evening settings. Next we have arranged the 
tables of Venus and Mercury in columns of 5, the first likewise containing 
the beginnings of the dodecatemories, the second the elongations of the eve- 
ning risings, the third again those of the evening settings, the fourth again 
those of the morning risings, and the fifth those of the morning settings. And 
here is the exposition presented in tables: 


10. EXPOSITION OF THE TABLES CONTAINING THE HELIACAL RISINGS 


Beginnings 
of the 
Doedcatemories 
Ram 
Bull 
Twins 
Crab 
Lion 
Virgin 
Balance 
Scorpion 
Archer 
Goat 
Water Bearer 
Fishes 
Beginnings Eve- 
of the ning 
Dodecatemories | Rising 
Ram 5 — 10 
Bull af oO 
Twins Byes lhZ 
Crab DG 
Lion 6 16 
Virgin ? "22 
Balance DS 
Scorpion 8 20 
Archer 7 49 
Goat Gr 
Water Bearer | 5 51 
Fishes Dee, 
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AND SETTINGS OF THE FIVE PLANETS 


SATURN 
Eve- 
ning 

Setting 


Morn- 
ing 
Rising 


28 
41 
26 

2 
34 
53 


VENUS 
Morn- 
ing 
Rising 


Eve- 

ning 
Setting 
4 9 
4 16 
Di 5h 
8 23 
Tao 
Tor 2 
17 43 
13 47 
Sy vi 
4 8 
3 16 
3 38 


3 


CONF GH Orm 0 Oo © 


11. Eritocur 


0 
16 
15 
50 

2 
38 
41 
28 
39 
43 
30 
24 


JUPILER, 
Morn- — Eve- 
ing ning 
Rising Setting 
20.10 hD 4 19 
19ut6 VAD RZ9 
1 5) ally tO 
12 46 12 46 
10 40 14 31 
10, tet FO ai 
9 57 16 34 
10°F I FORT 12 
10-40 14 31 
12 46 12 46 
15 ol), 1%) 10 
19 “+6 104/29 
Morn- Eve- 
ing ning 
Setting | Rising 
10 28; 9 58 
9 40;10 4 
7 ao 1018 
D dag 12 ga 
5 6] 13 (48 
4 64/18 1 
4 54] 22 49 
4° 65) 205.1 
ful 80k 
6 35] 13 54 
8.33. LL. 10 
10 16; 10 11 


MARS 


Morn- 


Eve- 
ning 
Setting 


MERCURY 


Eve- 
ning 
Setting 

9 483 
10 15 
11 47 
15 34 


Morn- 


465 


Morn- 
ing 
Setting 


23 
22 
16 
12 
10 

bs) 
10 
10 
1B 
14 
i, 
21 


38 


Now that these things have been added, Syrus, and to my mind about all 
things which ought to be considered in such a treatise have been worked out 
as much as the time to the present affords for discovery and more accurate 
revision, and annals suggest as useful for the theory and not just as demon- 
stration, it is therefore fitting and proper that this treatise end here. 


APPENDIX A 


1. Protemaic Dates, THE ERA oF NABONASSAR, AND THE CHRISTIAN ERA 

The following is a translation from the Greek of the Chronological Table 
of the Kings, published by Halma in his edition of the Almagest, and by F. 
Kx. Grinzel in his Handbuch der Mathematischen und Technischen Chronologie 
(8 Vols., Leipzig, 1906). 


Years of the Kings before the Death of 
Alexander and the Years of Alexander! 


Of the Assyrians and Medes Years Totals 


Years of the Macedonian Kings after the 
Death of Alexander the King 


Of the Macedonian Kings Years Totals 


Nabonassar 14 14 Philip q 7 
Nadius ») 16 Alexander IT 12 19 
Chinzer and Porus 5 21 Ptolemy Lagus 20 39 
Tloulaius 5 26 Philadelphus 38 77 
Mardokempad 12 38 Kuergetes I 25 102 
Arkean 5 43 Philopator he 119 
First Interregnum 2 45 Epiphanes 24-148 
Bilib 3 48 Philometor 35 178 
Aparanad 6 54 Euergetes II 29 200 
Rhegebel 1 55 Soter 36-243 
Mesesimordak 4 59 Dionysius the Younger 29 276 
Second Interregnum 8 67 Cleopatra 22 294 
Asaradin 13 80 
Saosdouchin 20 100 Of the Roman Kings 
Kinelanadan + Zz Augustus 43 337 
Nabopolassar 21 143 Tiberius 22 359 
Nabokolassar 43 186 Gaius 4 363 
Tloaroudam 2 188 Claudius 14 377 
Nerigasolassar 4 192 Nero 14 390] 
Nabonadius ae 209 Vespasian 10 401 
| Titus 3 404 

Of the Persian Kings Damitien 15 419 
Cyrus 9 218 N erva 1 420 
Cambyses 8 226 Trajan 19 439 
Darius I 26 262 Hadrian 21 460 
Xerxes yA\ 283 Alelius-Antonine 23 483 
Artaxerxes l 41 324 A year is counted from Thoth 1 preceding 
Darius II 19 343 the beginning of the king’s reign. Kings not 
a II a ine ruling a year are not mentioned. 

chus 

Arogus 2 412 
Darius ITI 4 416 
Alexander of Macedonia 8 424 


1The names of the Assyrian kings, as rendered by modern scholars, are as follows: (1) 
Nabu-nasir, (2) Nabu-nadin-zer, (3) Ukinzer and Pulu, (4) Ululai, (5) Marduk-apal-iddin, 
(6) Sargon, (7) Bel-ibni, (8) Ashur-nadin-shum, (9) Nergal-ushezib, (10) Mushezib-Marduk, 
(11) Esarhaddon, (12) Shamash-shim-ukin, (13) Kandalanu, (14) Nabu-apal-usur, (15) 
Nebuchadrezzar, (16) Amel-Marduk, (17) Nergal-shar-usur (Neriglissar), (18) Nabu-na’id 
(Nabonidius). Among the Persian kings, Arogus is called Arses. 
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The Egyptian year used by Ptolemy consists of 365 days. This contains 
12 months of 30 days each, followed by 5 intercalary days. This year, of course, 
changes with respect to the equinoxes and soltices. But it is simpler and more 
practical than any other. The months occur in the following order: 


1. Thoth 4, Choiak 7. Phamenoth 10. Payni 
2. Phaophi 5. Tybi 8. Pharmouthi 11. Epiphi 
3. Athyr 6. Mechir 9. Pachom 12. Mesore 


Five INTERCALARY Days 


The era used by Ptolemy is the so-called Era of Nabonassar, whose be- 
ginnings or epoch is Thoth 1, midday, the year 1 of the reign of Nabonassar. 
The table just given permits one to calculate the years from the epoch to 
the given date. 

If one wishes to pass from the Era of Nabonassar to the Christian Era, 
certain complications arise. For the Christian Era is computed:in two styles, 
the Julian and the Gregorian. The Christian Era up to October 4, 1582, is 
computed in terms of the Julian year, which is the year made up of 365 days 
ordinarily and every fourth year or leap year of 366 days; that is, the Julian 
year averages 36514 days. Since, however, the solar year is approximately 
365 days 14’ 48” according to Ptolemy’s calculations in Book 11 of the Al- 
magest, the Julian year will fall behind the solar year. Thus in the year a.p. 325 
(after the birth of Christ), the year of the Council of Nicea, the spring equinox 
fell on March 21. In the year a.p. 1582, the spring equinox fell on March 11. 

And so, in order to make the calendar year more nearly equal to the solar 
year for liturgical reasons, Pope Gregory XIII ordered the day following 
October 4, 1582, to be counted as October 15, 1582. Further, the years ending 
in two zeros which were not divisible by 400 were no longer to be leap years. 
Thus the years a.p. 1700, 1800, 1900 would not be leap years. The Gregorian 
reform was followed at first only by southern Europe, but since the eighteenth 
century it has been followed by the whole of Europe and the New World. 

The Christian Era, therefore, is counted by Julian Years before and after 
the birth of Christ, up until October 4, 1582; thereafter by the Julian year 
modified according to the reform instituted by Gregory, as just explained. 

But the Christian Era is also counted in two ways: the historical and the 
astronomical. In the historical way, there is no year between the year 1 B.c. 
(before the birth of Christ) and the year a.p. 1 (after the birth of Christ). 
In the astronomical way, since the years before Christ are written as negative 
numbers, the first year before Christ or the year 1 B.c. (historical way) is the 
year 0. And so, up until a.p. 1582, all years divisible by 4 are leap years both 
according to the historical and to the astronomical ways of counting. Re- 
specting the years before Christ, those years are leap years which are divisible 
by 4 with a remainder of 1 in the historical way; in the astronomical way, 
those years which are divisible by 4 as for the years after Christ. 

The Julian year is made up of 12 unequal months as follows: 


1. January, 31 days 7. July, 31 days 

2. February, 28 days (leap year 29 days) 8. August, 31 days 

3. March, 31 days 9. September, 30 days 
4, April, 30 days 10. October, 31 days 
5. May, 31 days 11. November, 30 days 


6. June, 30 days 12, December, 31 days. 
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The correspondence of the Era of Nabonassar and the Christian Era is as 
follows:—Thoth 1, midday, the year of Nabonassar corresponds to February 
27, midday, 747 B.c. (historical way), or 746 B.c. (astronomical way). 

But a further distinction has to be made. Since Ptolemy, the astronomical 
day begins with midday and the civil day with midnight. Therefore February 
27, midday (civil style) corresponds to February 26, midday (astronomical 
style). And so Thoth 1, midday, the year 1 of Nabonassar corresponds to 
February 26, midday (astronomical style), 747 3B.c. (historical way). 

One can now pass safely from Ptolemy’s dates, which are always given 
finally in terms of Egyptian years and the Era of Nabonassar, to dates of the 
Christian Era. , 

The Julian year and Julian style, explained above, are not to be confused 
with the Julian Period, an era constructed by Joseph Scaliger in the 17th 
century. The Julian Period is a cycle of 7980 Julian years. The first year of 
the Julian Period is January 1, 4713 B.c., or 4712 B.c. (astronomical way). 
This period is the product of 28, 19, and 15—representing, respectively, the 
solar cycle, lunar cycle, and indiction. The solar cycle of 28 Julian years is 
the period in which the same day of the week falls again on the same day 
of the month of the Julian year. The lunar cycle of 19 Julian years is a period 
in which the solar years and the synodic months fall together again. 


2. EQUIVALENT MODERN TERMS FOR DETERMINING THE POSITIONS OF 
STARS, AND FOR THE SOLAR AND LUNAR CYCLES 


We shall now set down the modern astronomical terms and their Ptolemaic 
equivalents for those who wish to pass easily from ancient to modern litera- 
ture. In doing this, we get a brief review of the astronomical appearances and 
the Ptolemaic measurements which are very close to the modern ones when 
they are not exactly the same. 

First, we must remember that there are three systems of codrdinates for 
determining the positions of the stars: (1) With respect to the equator and the 
great circle through the equator’s poles and the equinoxes’, that is, the meridian 
through the equinoxes. In modern terms, the arc of the equator cut off by the 
meridian through the star and by the spring equinox, taken eastward from 
the spring equinox, is called the star’s right ascension. And the smaller arc 
of the meridian cut off by the equator and by the star is called its declination. 
(2) With respect to the ecliptic and to the great circle through the ecliptic’s poles 
and the spring equinox. This is the system most used by Ptolemy. The ancient 
and modern terms are the same. The arc of the ecliptic cut off by the great 
circle through the ecliptic’s poles and the star and by the spring equinox, 
taken eastward from the spring equinox, is called the star’s longitude. And 
the smaller arc of the great circle through the ecliptic’s poles and the star, 
cut off by the ecliptic and by the star, is called its latitude. (8) W2th respect 
to the horizon and the meridian or great circle through the zenith and the equator’s 
poles. In modern terms, the arc of the horizon cut off by the great circle through 
the zenith and the star and by the intersection of the meridian with the horizon 
nearer the southern pole taken clockwise is called the star’s azimuth. It is 
indeterminate, of course, when either of the poles is the zenith. And the smaller 
are of the great circle through the zenith and the star, cut off by the star and 
the horizon, is called the star’s height or altitude. 
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Now, the sun is considered in two cycles: (1) [és passage from one equinoctial 
point back to the same. This is called the solar year both by Ptolemy and by 
the moderns. (2) [ts passage from one fixed star back to the same. This is now 
called the sidereal year. These two cycles are not equal, since the spring 
equinox moves from east to west along the ecliptic about 1° in 100 years ac- 
cording to Ptolemy, or 1.396° in 100 years according to modern calculations. 
Hence the sidereal year is a bit longer than the solar year. By Ptolemy’s cal- 
culations, in 36,000 solar years there would be 35,999 sidereal years. At that 
time the solar year and the sidereal year would finish at the same point, if 
one considered them as beginning from the same point. This is the period of 
those two cycles. 

The difference between the mean sun and true sun reduced to time is called 
in modern terms the equation of time. The method of calculating it is given by 
Ptolemy in Book 111, Section 9. 

As described in Books IV and V, the moon has a great many cycles. For 
it must be considered in its movement (1) with respect to the sun, (2) with 
respect to the fixed stars, (3) with respect to its irregularity of movement 
longitudinally about the ecliptic, and (4) with respect to its movement lati- 
tudinally back and forth across the ecliptic. There is also (5) its cycle of anom- 
aly with respect to its movement relative to the sun, and (6) the inclination 
of the epicycle. 

The first four are spoken of as four kinds of months. We shall state their 
modern names and add the Ptolemaic name when it is different. We also add 
their magnitude in terms of mean solar days; the modern calculations of 
these magnitudes are carried to five decimals, the same as those of Ptolemy. 

(1) The lunar month is the period from full moon to full moon—that is, 
from the moon’s opposition to the sun to its next opposition. The mean lunar 
month is 29.53059 mean solar days. 

(2) The sidereal month is the period from the moon’s conjunction with a 
fixed star to its next conjunction with the same fixed star. The mean sidereal 
month is 27.32166 mean solar days. It is called by Ptolemy the longitudinal 
cycle. 

(3) The anomalistic month is the cycle of the moon’s irregular motion in 
longitude; it is called by Ptolemy the moon’s first anomaly or longitudinal 
anomaly. The mean anomalistic month is 27.55455 mean solar days. 

(4) The nodical month is the period from the moon’s passage at one node 
back to its next passage at the same node. The moon’s nodes are the points 
where its oblique circle crosses the ecliptic. These nodes move westward along 
the ecliptic about 114° in a lunar month. Ptolemy gives it as 3’ a day. The 
mean nodical month is 27.21222 mean solar days. This is called by Ptolemy 
the latitudinal cycle. 

Since all these cycles overlap and impinge on each other, any given one of 
these months is longer or shorter than the mean because of the intertwining 
of the other cycles. To get them separated out in their purity, it is necessary 
to find the period at the end of which they all finish out together, or nearly 
so. It is to be remembered that in Book iv Ptolemy reports that Hipparchus 
found that in 126,007 mean solar days and 1 hour there occurred 4,267 lunar 
months, 4,573 anomalistic months, and 4,612 sidereal months less 714° of a 
month, where each month is taken as 360°. In this time the sun made 345 
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revolutions about the ecliptic, less 714°. All of this is with respect to the fixed 
stars rather than the spring equinox. Hipparchus also found that there oc- 
curred 5,923 nodical months in 5,458 lunar months. Except for slight cor- 
rections in the case of the anomalistic and nodical months, Ptolemy uses 
these figures of Hipparchus to calculate the mean periods of the respective 
months as we have given them above. 
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Tuer PASSAGE FROM THE PTOLEMAIC TO THE COPERNICAN SYSTEM, 
AND THENCE TO THAT OF KEPLER 


The passage from Ptolemy to Copernicus depends on the interpretation of 
certain fundamental numbers resulting from observation and from the Ptole- 
maic system. And furthermore certain laws of Kepler come from a scrutiny 
of these same numbers and a certain correlation of them. The great revolutions 
in astronomical theory have not depended as much as one might think on 
more accurate observations or on better instruments, but rather on the re- 
interpretation of the symbols presented by the appearances and of the numbers 
immediately symbolizing these symbols. Indeed, we have already indicated 
in our Introduction and in our commentary to the third section of Book x11 
that the Copernican system was known in its essentials to the Greeks. Here 
the matter will be shown in detail; and also how Kepler, by considering these 
same numbers, formulated his law that the periodic times of the planets are 
in the triplicate of the subduplicate ratios of their distances from the sun—a 
law which first set up an interdependence of time and space and led to the 
possibility of formulating a celestial dynamics. 

_ We shall set out these numbers in the following fundamental table: 


1 2 3 i 5 6 
Cycles Revolutions Radius | Radius | Line 
Planets of of Solar years of Ec- | of Epi-| between 
Anomaly longitude centric | cycle | centers 
Saturn 57 (2+-(14+-244+})40)°|/59+- (144+) 60 614 | 8%a 
Jupiter 65 | 6—(44+14+4)° |71-(44+4+K+iM5)) 60 | 11% | 234 
Mars 37 42+-(31%)° | 79+(3+%+140) 60 3914 | 6 
Sun 1 1 1 60 21% 
Venus 5 |8—(234)° 8—(2+4+}40) 60 | 4346 | 14 
Mercury! 145 | 46+(1)° 46+ (140) 60 2214 | 3 


The numbers in parentheses in the column of Revolutions of longitude 
represent three-hundred-and-sixtieths of a complete circle; and those in 
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parentheses in the next column represent days or three-hundred-and-sixty- 
fifths of a cycle. 

In the case of Venus and Mercury, the numbers in the second and third 
columns should be equal and any discrepancy is due to the fact that the cycles 
have not been taken at periods of complete returns with all the cycles in the 
same position as at the starting point. This error is always taken care of by 
Ptolemy in the case of each planet by a chapter on the correction of the planet’s 
periodic movements. 

In the case of Saturn, Jupiter and Mars, Ptolemy remarks that the first 
column plus the second column gives the third column. Any discrepancy is 
again due to the same error as mentioned in the preceding paragraph. This 
property of the numbers is an accident in the Ptolemaic system, but it is al- 
ready evident in the commentary on Paragraph 3, Book x11, that it is essential 
for passing to the Copernican system. But it can be seen more directly as 
follows:— 

In the first place, according to the Ptolemaic planetary theory, the planets 
move on the epicycle in the same direction that the epicycle moves on the defer- 
ent. This means, in the Copernican theory, that the earth and the planets move 
about the sun in the same direction and not in opposite directions. 

For let S be the sun, # the earth on its nearly circular orbit about the sun, 

and P one of the three outer planets (Mars, 
Jupiter, Saturn) on its nearly circular orbit 
about the sun. Now, when FE and P are on 
the same side of S and in a straight line with 
it, then P is at its perigee; and when # and 
P are on opposite sides of S and in a straight 
5 p line with it, then P is at its apogee (the as- 
sumption of Ptolemy in Book x). Perigee 
and apogee are here spoken of relative to 
the epicycle only and not to the zodiacal 
anomaly. Now, if P and £, when on the 
same side of S, moved in opposite directions 
with respect to each other, then they would 
move in opposite directions with respect to 
S. It follows that they would move in the 
same direction with respect to each other when on opposite sides of S. Hence 
the fastest movement of P with respect to EH would be at the perigee, and the 
slowest at the apogee. But the reverse is the case according to the Ptolemaic 
theory and according to the appearances. Hence, in the Copernican theory, 
this means that the planet moves about the sun in the same direction as the 
earth. 

By interchanging P and E the reader can easily prove for himself that the 
same thing holds for the inner planets, Mercury and Venus. Kepler will use 
these facts to advance a dynamical theory of the planet’s motions. Since, by 
the observation of sun spots, the sun seems to whirl on its axis in that same di- 
rection, he supposes that the sun thus possesses a motor virtue which whirls the 
planets about it. 

Further, it must be remarked that for the outer planets Saturn, Jupiter, and 
Mars, the Ptolemaic cycles of anomaly, in the Copernican system, represent the 
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earth’s movement on its orbit with respect to the sun. To see this, the reader 
should first imagine himself on the sun. The planet would then appear to move, 
about the ecliptic more or less, in a regular motion (except for the minor zodiacal 
anomalies). This would be the planet’s longitudinal motion with respect to the 
sun. If now, instead of standing on the sun, the reader imagines himself to be on 
the earth moving around the sun, on an orbit well within the orbit of the planet, 
then, from the point of view of the earth, the planet will appear to add an epi- 
cyclic motion to its regular longitudinal motion. Thus, for the outer planets, the 
cycles of anomaly are, according to the Copernican theory, produced by the 
earth’s motion about the sun. 

If, on the other hand, the earth’s orbit lies outside that of the planet, the cycle 
of anomaly, on the contrary, is produced by the 
planet’s own motion about the sun; and it is also 
immediately evident why the inner planets, Venus 
and Mercury, have limited elongations from the 
sun. See the figure. For, from the point of view of 
the earth, the sun and planet represent a system 
moving about the earth. On the other hand, the 
outer planets can be at any angular distance with 
respect to the sun as seen from the earth. And so, 
again, this distinction between the two kinds of 
planets—those whose elongations from the sun are 
limited, and those whose elongations are not—is ac- 
cidental in the Ptolemaic system but follows necessarily from the first premises 
of the Copernican. 

Now, once the Copernican system is supposed, it is immediately possible to 
deduce from the Ptolemaic numbers, and without further observations, two 
things which are extremely important for Kepler and Newton: (1) the periodic 
times of the planets about the sun and (2) the relative distances of the planets 
from the sun. 

First, we can now deduce the periodic times of the planets about the sun; that 
is, the time of a complete longitudinal revolution of the planet about the sun. 
Let us first consider an inner planet such as Venus. According to the Ptolemaic 
numbers, there are 5 cycles of anomaly for Venus in nearly 8 solar years; that is, 
Venus appears to make 5 longitudinal revolutions about the sun while the earth 
makes nearly 8. Therefore Venus either moves faster or slower about the sun 
than the earth. But we know it must move faster, for otherwise it would have to 
move in the opposite direction on the epicycle from the direction of the epicycle’s 
movement on the deferent in the Ptolemaic system. But this is contrary to the 
appearances; therefore, in the Copernican hypothesis, Venus moves about the 
sun at an angular velocity greater than that of the earth. Now, if from the 
earth Venus appears to make 5 revolutions about the sun while the earth makes 
nearly 8, and since Venus moves faster than the earth, then in nearly 8 revolu- 
tions of the earth, Venus has overtaken the earth exactly 5 times. Hence in 
nearly 8 revolutions of the earth about the sun, or in nearly 8 solar years, Venus 
has made 13 revolutions about the sun. The periodic time of Venus about the 
sun is therefore very nearly 8/3 of a solar year or, roughly, 2241973 days. Like- 
wise, Mercury has a periodic time about the sun of very nearly 48{91 of a solar 
year or, roughly, 8784491 days. 
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Next let us consider an outer planet such as Mars. Mars makes 42 longitudinal 
revolutions and 37 cycles of anomaly in very nearly 79 solar years. In other 
words, since the cycles of anomaly are a reflection of the earth’s motion with 
respect to the sun, Mars makes 42 revolutions about the sun in 79 solar years, 
while the earth overtakes Mars 37 times. Therefore the periodic time of Mars 
about the sun is very nearly 13749 of a solar year or roughly 1 year and 3213245 
days or 687144 days. Likewise Jupiter’s periodic time is very nearly 119% 9 solar 
years or 4,345 days. And Saturn’s periodic time is very nearly 29437909 solar 
years, or 10,750 days. In the case of Jupiter and Saturn, the fractions in columns 
2 and 3 have been taken into account. 

Now, since the earth overtakes Mars 37 times while Mars makes 42 revolu- 
tions about the sun, it is evident that in overtaking Mars 37 times, the earth 
makes 37+42 revolutions about the sun. Hence, while in the Ptolemaic system 
it is accidental that for the planets Mars, Jupiter and Saturn the sum of the 
numbers in the first two columns is equal to the numbers in the third, on the 
contrary in the Copernican system this follows necessarily from the funda- 
mental premisses of the system. 

Secondly, we can find the ratio of the mean distances of the different planets 
from the sun. For in the case of Venus and Mercury the radius of the epicycle 
represents the planet’s mean distance from the sun as compared with the 
radius of the eccentric which represents the earth’s mean distance from the 
sun. Hence the mean distances of Venus and Mercury are respectively 434% 
and 221% to the earth’s distance of 60. In the case of the other planets, how- 
ever, the epicycle’s radius represents the earth’s mean distance from the sun 
as compared with the eccentric’s radius which represents the planet’s mean 
distance. Thus the mean distance of Mars from the sun is 60 to the earth’s 
3914; of Jupiter, 60 to 1114; and of Saturn, 60 to the earth’s 61%. 

We can now present a table of the periodic times and relative mean dis- 
tances from the sun, the earth now being considered a planet instead of the sun: 


Planets Pertodic Times _ Distances from Sun 


Saturn 10,750 553.84 
Jupiter 4,345 313.04 
Mars 687 opri4 
Earth 365.25 60.00 
Venus 225 . 43.16 
Mercury 88 22.50 


The mean distances of the outer planets are here easily deduced from the 
formula in the case of Mars, 
: 60 : 3916::x: 60; 
and mutatis mutandis for the others. 
For Kepler, these numbers must have some unifying relationship, since it is 
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not sufficient for numbers merely to save the appearances. Hence in his first 
work, The Cosmographical Mystery, he shows that these mean distances are 
in the ratio of the radii of the spheres inscribing and circumscribing the five 
regular solids of Plato and Euclid, if the solids are placed one within another, 
from the outside inwards (in the order of cube, tetrahedron, dodecahedron, 
icosahedron, octohedron) and if the inscribed sphere of one becomes the 
circumscribed sphere of the next. 

This theory fits quite well except for the earth which lies on the sphere 
inscribed in the dodecahedron and circumscribed about the icosahedron. 
Moreover, the periodic times are in the ratio of the string-lengths of important 
musical harmonies, if they are properly considered, as demonstrated in the 
treatise On the Harmonies of the World, where even the eccentricities of the 
orbits are shown to serve the harmonious whole. These eccentricities manifest 
themselves in the numbers of column 6 of the first table. If, then, the dis- 
tances and times were the ones a function of the others in terms of some in- 
telligible law, the deviation of the earth would be mathematically necessary 
for the harmony of the whole. And this deviation would be a real necessity, 
tolerated only in view of the greater harmony achieved, as in the Timaeus. 
This is exactly the view of Kepler in The Epitome of Copernican Astronomy, 
Book IV. It is here also that the function or law relating the distances and 
times is finally given. 

This is the celebrated Third Law of Kepler which states that the squares 
of the periodic times are as the cubes of the mean distances. Thus, in the 
case of the earth and Mercury, 

(87)? : (365.25)? : : (22.50)? : (60.00)*; 
and this is very nearly true, even with these approximations. This law was 
later deduced by Newton from his more general three laws and the assump- 
tion of an inverse-square field of force. 

We have now finished with the passage from Ptolemy’s geocentric system 
to Copernicus’ heliocentric system as far as the planetary heliacal anomalies 
are concerned. Both of these systems were known to the Greeks of the times 
of Hipparchus and Aristarchus. The originality of Ptolemy seems to consist 
in the additional anomalies of the eccentric and equant. We can therefore 
safely assume that the originality of Copernicus lies mainly in the translation 
he gives of these in his own system. Since the epicycles of Ptolemy have dis- 
appeared in Copernicus’ system, Copernicus now has two instruments, the 
epicycle and the eccentric, with which to take care of the two remaining 
anomalies. He can therefore avoid the use of the equant, and this, in his eyes, 
is the greatest merit of his system. 

We have already remarked that, in the case of the outer planets, the move- 
ment of the epicycle’s centre about the deferent in the Ptolemaic system cor- 
responds to the revolution of the planet about the mean sun in the Copernican; 
and that the radius of the deferent corresponds to the planet’s mean distance 
from the sun. Hence, in periodic time and radius, the orbit of the epicycle’s 
centre about the earth in the Ptolemaic system is exactly that of the planet 
about the mean sun in the Copernican, if no account is taken of the two zo- 
diacal anomalies. The problem of Copernicus, therefore, is to find a combina- 
tion of epicycle and eccentric with reference to the mean sun which will be 
exactly equivalent to Ptolemy’s eccentric and equant with respect to the 
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earth. The following is the solution which Copernicus devised, equivalent in 
all respects save one which did not seem important since it had to do with 
linear distance rather than angular distance. But it is this very difference 
which proved the undoing of the Copernican system and helped to bring 
about the Keplerian revolution with its elliptical orbits, the so-called First 
Law of Kepler. 

Consider, first, the Ptolemaic system of Mars without the epicycle. Let A be 
the earth, B the centre of the eccentric, C the centre of the equant, E the apogee, 
and D the perigee. Now since E 

AB=BC 
and 

AB: BE::6: 60, 
we can let AB and BC be each 1000 and 
BE 10,000 according to the decimal sys- 
tem used by Copernicus. Then f G 
AE= 11,000 AD=9,000; 

and, if we draw CF perpendicular to DE, 
then F and G represent the positions of 
the epicycle’s centre at the quadrants of 
the periodic time. Then 

AF=vV (10,000?—1,000?) +2,000?, 
since 

CF? = BF?°—BC". ” 

Now consider the Copernican equiva- 
lent. Let A’ be the mean sun, B’ the cen- 
tre of the eccentric, and let the radius of the eccentric 

B’ 1=10,000 
and 
A’B’ =34 (2,000) = 1500. 
Let 1 be the aphelion and 3 the peri- 
helion. Let the planet be placed on an 
epicycle whose radius is equal to 14 
(2,000) or 500. When the epicycle’s 
centre is at the aphelion 1, let the 
planet be at the perihelion of the epi- 
cycle L’, and let the planet move on 
the epicycle in the same direction as 
the epicycle on the deferent and at 
the same angular velocity, so that at 
the quadrants and at the half of the 
periodic time the planet occupies the 
positions F’, D’, and G’. Then 
A’E’=11,000 $A’D’=9,000 

just as in the Ptolemaic system. Fur- 
thermore, at the quadrants of the 
periodic time 2 and 4, the planet occupies the positions F’ and G’ which are on 
the perpendicular to E’D’ at C’ which is exactly 2,000 from A’, 8,000 from 
E’, and 12,000 from D’, just as in the Ptolemaic C is 2,000 from A, 8,000 
from £, and 12,000 from D. The fact that the position of C’ with respect to 
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B’ is different from that of C with respect to B makes no difference, for B’ and 
B have no immediate physical significance. 
But the distance 
A’ F’=10,000?+2,000?, 

which is considerably larger than the corresponding distance AF in the Ptole- 
maic system. The orbit of the planet in the Copernican system bulges at the 
quadrants of the periodic time compared to that of the Ptolemaic. The appear- 
ances here favor the Ptolemaic system as Kepler points out. But even the 
Ptolemaic system does not draw the planet in enough at these quadrants. This 
is one of the dilemmas which led Kepler to conjecture an elliptical orbit as 
worked out in the Commentaries on Mars and later in the Epitome. It is easy to 
see from the first table why Mars should be the planet chosen. For of all the 
planets it has the largest eccentricity, and the discrepancies would be most 
manifest. 

Hence, in the case of the outer planets, the three Ptolemaic points, (1) the 
earth, (2) the centre of the eccentric, and (3) the centre of the equant, are exact- 
ly transformed in the Keplerian theory into (1) the sun at one focus of the el- 
lipse, (2) the centre of the ellipse, and (3) the other focus of the ellipse. The 
numbers remain approximately the same. But a new definition of regular motion 
is needed: it must be supposed that the planet on the ellipse sweeps across equal 
areas in equal times with respect to the sun at the focus. This is the so-called 
Second Law of Kepler. All this is worked out in detail and with the proper de- 
ductions in the Commentaries on Mars and in the Epitome. 

In the case of the inner planets, Venus and Mercury, the Copernican solution 
of the zodiacal anomalies is necessarily different, for here the epicycles are the 
orbits of the planets about the sun. The details of this solution are worked out 
in the latter part of Book V of the treatise on The Revolutions of the Celestial 
Spheres. 

One difficulty remains in passing from the Ptolemaic to the Copernican 
system. Unless the radius of the earth’s motion about the sun is negligible 
with respect to its distance to the fixed stars, the sun, abstraction made of its 
eccentric anomaly, would not seem to move regularly with respect to any of 
the fixed stars as it does in the geocentric theory and as it appears to do. 
Copernicus gives the detail of this proof in On Revolutions 111, 15. And so we 
are not surprised that Archimedes reports in the Sand-Reckoner (translation 
of Heath): ‘‘But Aristarchus of Samos brought out a book consisting of some 
hypotheses, in which the premisses lead to the result that the universe is 
many times greater than that now so called. His hypotheses are that. the 
fixed stars and the sun remain unmoved, that the earth revolves about the 
sun in the circumference of a circle, the sun lying in the middle of the orbit, 
and that the sphere of the fixed stars, situated about the same centre as the 
sun, is so great that the circle in which he supposes the earth to revolve bears 
such a proportion to the distance of the fixed stars as the centre of the sphere 
bears to its surface.’’ 
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Since this understanding of the Timaeus is followed by few scholars, we 
stop to outline the arguments for it. Timaeus says first that the planets are 
placed in circles the ratios of whose radii (presumably) are as 1, 2, 3, 4, 8, 9, 
2.... With respect to what as centre these circles and the distances are taken 
and which planets are placed in which, is carefully left unexplained. Their 
motions are then described for an observer on the earth (36d, 5—). Later the 
planets are named and placed in these circles from the point of view of the 
earth, but no connection is made with the series of numbers: 

6 Geds EOney... cednvnv pev Ets TOV TWEPL YHY TpWTov, Hreov dé eis Tov SevTETOV U7eS 

vfs... 
Then follow Mercury and Venus and their peculiar motions with respect to 
the sun as seen from the earth; the others are described as too complicated 
to give here (38c9-d8). The angular speeds of the different planets are then 
given, abstraction made of their daily revolution with the fixed stars, exactly 
contrary to Aristotle’s account in the Heavens 11, 8 which follows the completely 
geocentric Eudoxean hypothesis. It is again mentioned that the sun has been 
placed in the second circle relative to the earth as a measure of all these move- 
ments: 

has 6 Geos aver ev TH Tpos yqv devtpa r&v mepiddwv (39a, b). 

Now follows the famous passage (40b8-d4) which for the first time gives 
in an absolute point of reference: 

viv de Tpopov pev juerépav, eid\Nouernv dé mepi Tov dia mavros moAoY TETApEvoV 

diraka Kai Snucovpyov vuKros TE Kal Huepas EunxXavngato..., 
‘cand he contrived the earth revolving about the pole set through the universe 
as the guardian and creator of night and day...” We here translate ei\X\oyerny 
as did Aristotle, the earliest commentator on the passage, in the Heavens, 11, 13, 
14. Then follows a description of the appearances which such a revolution 
of the earth would be used to explain the change of the planets, their pro- 
gressions and regressions which, for the planets other than Mercury and 
Venus, are explained most easily by the swinging of the earth about the sun 
as centre of the universe. For in the heliocentric theory the regressions of the 
outer planets Mars, Jupiter, and Saturn are only the reflections of the earth’s 
motion about the sun. And it was well known at the time that the speeds of 
all the planets along the ecliptic, their regressions and stations, are tied to 
their oppositions to and conjunctions with the sun, for such things were in- 
corporated in the system of Eudoxus. 

If the sun is taken as centre, then it is extremely easy to compute the relative 
distances of the planets from the sun by means of their regressions. This is 
shown in Appendix B to this book. The ratios of the distances of Mercury, 
Venus, the Earth, Mars, Jupiter, and Saturn are nearly as 1, 2, 3, 4, 14, 25. 
Jupiter’s 14 is the only one far off from the series assigned by Timaeus. The 
moon would be assigned 8 completely without justification except that this 
series is fundamental to the musical scale of the great diatonic, but it is 
very unlikely there were any calculations of the relative distances of the 
sun and moon at that time. With the heliocentric hypothesis it is easy to 
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assign fairly accurate ratios; it is impossible to do so in a purely geocentric 
theory like Ptolemy’s with the instruments the Greeks possessed, and that 
is why, perhaps, no such numerical assignment is made in the Republic. 

We can now get the force of that strange and isolated statement in the 
Laws (vu, 8222) that each planet’s motion is one and simple and not the re- 
sultant as it appears of many different motions. This is only possible in the 
heliocentric theory and if the apparently faster planets are considered the 
slower. 


——_ a 
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TRANSLATOR’S INTRODUCTION 


Why did Copernicus refrain so long from publishing De revolutionibus orbium 
coelestium? 

Because, at least in part, he feared that at a time of ecclesiastical jitteriness, 
which arose out of the dissensions between Catholics and Protestants, his work 
might occasion sufficient scandal for him to be charged with impugning the 
authority of the Church on the grounds that the assertion that the earth was 
neither at rest nor at the centre of the world might be construed as contradicting 
one possible literal interpretation of certain passages in the Bible. But he does 
not explicitly foresee that anyone would be scandalized by construing as a loss 
to man’s dignity the assertion that the corporeal heavens do not revolve around 
man’s domicile. And, as a matter of fact, in scholastic theological thought man 
was a rather humble creature: the highest of the animals but the lowest of the 
created intellects, one whose original dignity had been corrupted by original 
sin, and whose present little dignity arose from the assumption of human nature 
by the Word of God in the Incarnation and not from any supposed revolution of 
the corporeal heavens about man’s domicile. 


But was not the humanistic effect of the Copernican revolution actually to lower the 
dignity of man in the tmaginations of men? 

Maybe so. But do not forget that the so-called Copernican revolution may 
only be a part of a story we have constructed in order to explain why we no 
longer understand in what the real dignity of man might consist. If we wish to 
talk poetically and humanistically, we may still ask out of what feeling about 
man’s rank in the universe can the assertion of the earth’s motion be said to 
spring. 


How shall we go about answering that question? 

First, let us try to find out how ‘‘true” Copernicus considered the mobility of 
the earth to be; then, let us look into the workings of the history of astronomy 
itself; and, thirdly, the relation of the mobility of the earth to certain larger 
ideas which entered into the speculation of the times. And I shall leave it up to 
you to apply our discussion of these topics to the burning question of the dignity 
of man. 


Will you first say something about what the job of an astronomer 1s? 

Let us define the job of the astronomer in the classical phrase as “saving the 
appearances” of the celestial movements. Now we may distinguish two sides to 
saving the appearances. First, an astronomical theory must ‘‘save”’ in the sense 
of ‘‘preserve”—that is to say, it must not deny any of the apparent celestial 
movements as appearances, and in this bare sense, it might merely comprise a 
record of observed positions of the planets. But, if that were all, it would not be 
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taking into account all the apparent movements but would be merely including 
past movements and leaving out future movements and thus, in order to take 
into account all the apparent movements, it must be able to predict apparent 
movements in the future from those observed in the past. But in order to be 
able to look backwards and forwards beyond recorded positions of the planets, 
it must arrange the celestial movements in a pattern of orderly recurrence. And 
by setting up this pattern of order, it saves the appearances in a second sense; I 
mean to say, that it gives them salyation, as it were, by making them intelligible 
and by explicating them in terms of a permanent die 


Does Copernicus lay down any general rules or principles as to how appearances 
must best be saved? 

He talks as if the principle of intelligibility and order can be fulfilled only if 
the astronomer takes the movements of the celestial bodies to be regular, circu- 
lar, everlasting, or compounded out of circular movements; that is to say, in 
case the moving planetary body does not appear to describe a perfect circle, its 
path must be reconstructed as the resultant of a configuration of purely orroulay 
movements, whereof in any given circle equal arcs are traversed in equal times. 
Those are the general limits within which there is a field free for the further 
delimitations demanded by given apparent movements. That is to say, the mov- 
ing circles which combine with one another may be homocentric (circles of equal 
radii and of the same centre but of different axes of revolution), or eccentric 
(circles or equal radii but of different centres), or epicyclical (where the centre 
of one circle is located on the circumference of another), or related according to 
any number of permutations and combinations of those elements. 

Now, the formulation of those general limits has been called classically by the 
name of “‘axioms’”’ or “‘principles,”’ and the further determinations within those 
limits by the name of “‘hypotheses.”” As Copernicus always employs the term 
principia in conjunction with hypotheses and as he refers to the proposition that 
the movements of the celestial bodies are regular and circular as an axiom, I 
shall employ the term “‘axiom”’ to denote the formulation of the limiting con- 
ditions of intelligible order. But he clearly uses the term ‘‘hypothesis” to signify 
any determination made within the field delimited by the axiom, in order to ex- 
plain given apparent movements and to provide a geometric basis for computa- 
tion and prediction. 


How true does Copernicus consider the axioms and hypotheses to be? 

He argues at some length to the effect that the state of affairs defined by the 
axiom of regular and circular movement must really exist in the heavens and 
that the mind would shudder at any other supposition. 

Now an hypothesis must fulfil two conditions: first, it must conform to the 
axiom; and second, it must underlie particular propositions about the combina- 
tion of regular, circular movements and the planetary tables. That is to say, it 
further delimits the ground covered by the axiom; for example, the generality of 
regular circular movement may, in a given,case, be further determined as move- 
ment on the second epicycle of an eccentric circle, where the magnitudes of the 
circles and directions and periods of the movements are given; and by this de- 
limitation the hypothesis makes possible the accurate prediction of particular 
movements. Thus within the single field of the axiom there is room for many 
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equivalent or alternative hypotheses: these hypotheses are equivalent in that 
the same set of appearances may be saved formally just as well by one hypothe- 
sis as by another; for example, an epicycle on a homocentric circle or an eccentric 
circle whose eccentricity is equal to the radius of the epicycle may be the geo- 
metric formal causes which account for the same apparent movement; they are 
alternative in the sense that, if interpreted physically, in terms of solid circles or 
something else necessary for the mechanical expianation of the phenomena by 
efficient causes (in contradistinction to the geometric explanation through 
formal causes), the two configurations of circles cannot both exist in the heav- 
ens, for example, a planet cannot wheel around on the rim of an epicycle revolv- 
ing on an homocentric at the same time that it wheels around on the rim of a 
rotating eccentric, even if the path described in space by the planet affixed to 
the epicycle coincide with the circumference of the eccentric circle. 

Now, just as Copernicus regarded the axiom of regular circular movement as 
designating a reality in the heavens, so too he regarded alternative hypotheses 
not merely as devices for prediction, whereof the one or the other might be rel- 
atively more convenient for use in constructing planetary tables, but as desig- 
nating real possibilities within the field of physical actuality defined by the 
axiom—although, as he admits, it is difficult or impossible to determine, in a 
given case, whether it is eccentric or epicycle which really exists in the heavens. 


Now, what about the mobility of the earth? 

Ptolemy had remarked that although it would be possible to save the ap- 
pearances by treating the earth as if it were in motion but that such a supposi- 
tion would be no more than a convenient device for computation, since Aris- 
totle’s cosmology demanded an unmoving earth at the centre of the world; he 
preferred to make the supposition which would be physically true in the light of 
the Aristotelian analysis. 

Osiander’s unauthorized preface to De revolutionibus tries to reduce the mo- 
bility of the earth to a point of mere convenience in constructing tables of move- 
ments; but that attempt is clearly at variance with the intentions of the author 
as exhibited in the body of the text itseif. For if Copernicus had looked upon the 
mobility of the earth merely as a fiction useful as a computing device, he would 
have had, on the outside, no reason to fear that his book would occasion a scan- 
dal; and, on the inside, no reason for composing arguments on behalf of the 
natural possibility of the movement of the earth. 


Then, 1s the movement of the earth to be regarded as the one of two hypotheses desig- 
nating alternative real possibilities which is chosen, say, for the sake of convenience? 
That 1s to say, supposing the movement of the earth 1s really possible, does Coper- 
nicus find it hard to determine whether it 1s actually the case in the heavens? 

No. Copernicus looked upon it as more certain than that. For he appears to 
find the astronomical consequences following from the supposition of the mo- 
bility of the earth sufficiently weighty to place it in the same order of truth as 
the sphericity of the earth, since he insinuates that his opponents are to be 
classed with Lactantius, who had denied that there were antipodes. 
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Then if Copernicus regarded the motion of the earth as certain, why did he refer to it 
as an hypothesis? 

Because it underlies all his other hypotheses, as he indicates in speaking of the 
movement of the earth as a principium and hypothesis—a starting point in refer- 
ence to which he maps out his hypotheses as to the given apparent movements 
of other bodies besides the earth. The application of the term “hypothesis” sig- 
nifies not that the motion of the earth is advanced merely as a tentative pro- 
posal to be taken or left but that it forms an underlying principle from which 
further determinations of celestial movements may be deduced. 


Why did time watt so long for a man to declare that the earth was in movement? 

That is not wholly the case. The school of Pythagoras had held that the earth 
as well as the sun were in motion around the central fire. Herakleides of Pontus, 
who may have studied under Plato, taught the daily rotation of the earth, and 
Aristarchus of Samos, who studied under a student of a student of Aristotle’s, 
suggested that the annual movement as well, belonged to the earth and not to 
the sun. And some early Renaissance philosophers, of whom I shall speak later, 
also imputed movement to the earth in various ways. But none of these men 
used that supposition as a starting point for giving a detailed and systematic 
account of the apparent celestial movements. 


Why did not Ptolemy himself do so? 

Because, as I have said, the supposition of the earth’s motion was contrary to 
the conclusions of Aristotelian physics. Now Aristotelian cosmology might be 
termed an hypothetical construction designed, among other reasons, to save the 
appearances given by the following simple experiment: if you light a fire, the 
flame rises upwards through the air; and if you shake earth, air, and water to- 
gether in a closed container and then allow them to settle, the air will rise in 
bubbles to the surface and the earth will sink to the bottom. Therefore the 
earth, as the heaviest element, will always be at the bottom of things, or, in a 
spherical cosmos, at the centre, which is the earth’s natural place, just as the 
elements of water, air, and fire belong to concentric spheres arranged around the 
earth. Now since the earth is in its natural place, it is in possession of its end, 
and therefore there is no reason for it to move, either by rotating or in any other 
fashion; while conversely, the stars, the sun, and the five planets (which are un- 
changeable except with respect to place) attain certain natural ends by their 
diurnal and other movements. 

The general outlines of Aristotelian cosmology were acceptable to Ptolemy as 
a framework within which to work out a detailed account of the movements of 
the celestial bodies, because Aristotle’s physics on the whole was more sophis- 
ticated than that of the atomists and was more fully elaborated and less oracular 
in statement than Plato’s physics (in, say, the T¢maeus, which was itself perhaps 
even more sophisticated than Aristotle’s in its grasp of fundamental problems). 
Ptolemaic astronomy however differed specifically from the Aristotelian in that 
Aristotle constructed an elaborate system (based on that of Eudoxus, Plato’s 
pupil) of many solid spheres having the same centre but different axes of rota- 
tion in order to account both geometrically and mechanically for the apparent 
celestial movements, while Ptolemy, employing systems of circles on circles and 
circles off centre, left it doubtful as to whether these epicycles and eccentrics, 
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were to be accorded a physical and mechanical interpretation as well as the 
geometrical, with respect to saving the phenomena. 


Do you want to say something about the history of astronomy between Ptolemy and 
Copernicus? 

Most of the astronomers of Islam were more concerned with the problem of 
efficient causation than Ptolemy had been in the Syntavis (which was translated 
into Arabic about A.D. 820), and they endeavored to reformulate any plane ge- 
ometry of planetary motions as the projection on a plane of the movements of a 
system of spheres. Thus Al Kaswini, Abu’! Faraj, and Al Jagmini—three as- 
tronomers probably of the thirteenth century—would transform an epicycle on 
a homocentric into an epicyclic sphere between two homocentric crystalline 
spheres, which was tangent to the inner surface of the outer and to the outer sur- 
face of the inner sphere and which rolled around within their space in between— 
with further permutations and combinations of eccentric, epicyclic, and homo- 
centric spheres for apparent movements of greater irregularity. 

In similar fashion, Al Betrugi, an astronomer of the twelfth century, tried to 
renovate the homocentric spheres of Aristotle and Eudoxus so as to take care of 
the irregularities in celestial movements which had made their appearance to 
observers since the time of Aristotle. And in the thirteenth century a great and 
very ingenious astronomer, Al Tusi, constructed a system of spheres, within 
which a single configuration would involve two homocentric spheres with an 
episphere in between and a series of spheres internally tangent within the epi- 
sphere. But as far as formal causes go; Al Betrugi’s system was not better at 
saving the appearances than Ptolemy’s; nor was Al Tusi’s more intrinsically 
simple than Ptolemy’s. 

The important astronomers of Christendom at first followed closely after 
Ptolemy but with an eye on the astronomers of Islam. The Syntaxis was trans- 
lated from the Arabic into Latin by Gerard of Cremona in 1175. Amateurs at 
astronomy were more inclined than professionals to play with the supposition 
that the sun was at the center of some planetary movements or that the earth 
was in motion. The encyclopedist Martianus Capella, in the Wedding of Philol- 
ogy and Mercury, had placed the orbits of Venus and Mercury around the sun, 
and in the ninth century, John Scot Erigena, the great neo-Platonist theologian, 
extended this heliocentricity to Jupiter and Mars as well. 

In the fifteenth century theological reasons led Nicholas, Cardinal of Cues, to 
assert that the world, although not infinite, was without centre or circumference 
and that consequently everything in the world participated in motion to some 
extent. In On Learned Ignorance he goes no further than to suggest that the 
earth has some movement of rotation but none of translation; but a note of his 
on the fly-leaf of another man’s work draws a fuller sketch of a system of solar 
and terrestrial motion, as follows: there is a general proviso that there are no 
perfect circles described by bodies or absolutely fixed poles of rotation. The 
appearances of the diurnal movement are saved by making the sphere of the 
fixed stars and the stars revolve from east to west twice in twenty-four hours, 
and the earth in the same direction once in twenty-four hours. The apparent 
annual movement of the sun is accounted for by two hypotheses: first, it lags 
slightly behind the heavens in the daily rotation: but that retardation by itself 
would give the sun merely an annual motion in a plane identical with or parallel 
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to the celestial equator, hence there is need of some other movement to account 
for the oblique direction along the ecliptic. Therefore, secondly, there are situ- 
ated in the plane of the equator two poles, around which the earth revolves 
once in twenty-four hours (and the sphere of the fixed stars in slightly less time, 
in order, unsuccessfully, to account for precession), while the sun is on a small 
circle about 23° distant from one of the poles and revolves in slightly less time 
than the earth wherefrom the sun thus appears, in its annual passage around 
the heavens, to move from the tropic of Cancer to the tropic of Capricorn 
and back again. Nicholas’ numbers here were a little off, as he made the sun’s 
retardation in both cases equal to 144th of a circle instead of g5th. Although 
it is unlikely that Copernicus was acquainted with this particular theory, that 
is the sort of thing which was germinating in the seed-bed of the times out of 
which Copernicus’ own system grew. 

A younger contemporary of the Cardinal’s, George Peurbach, published a 
highly reputed textbook, New Theories of the Planets, wherein he adapted solid 
spheres to the accepted Ptolemaic planetary theory; and he was engaged in the 
search for Greek manuscripts of Ptolemy, as the available translation from the 
Arabic were not wholly trustworthy. It was not until 1515 that the twelfth- 
century translation of Ptolemy’s Syniazis was printed for the first time, and in 
1528 was published a new translation, made from the Greek by George of Tre- 
bizond; and finally the original, together with Theo of Alexandria’s Commen- 
tary, was printed at Basle in 1538. A pupil of Peurbach’s, John Regiomontanus, 
collected Greek astronomical manuscripts in Italy, settled in Nuremberg, where 
he erected an observatory and started a printing press, and completed a text- 
book begun by Peurbach, Epitome of Ptolemy’s Almagest. Men like Peurbach 
and Regimontanus were instrumental in keeping alive the scientific grammar, 
which a great talent like that of Copernicus had to have before him in order to 
transform it. 

In the third decade of the sixteenth century, just before the publication of 
De revolutionibus, were printed two works which tried to renovate systems of 
homocentric spheres, namely Fracastoro’s Homocentrica, which had the novelty 
of employing spheres whose axes of movement were situated at right angles to 
one another and which demanded seventy-nine spheres, all in all, in order to 
account for the celestial phenomena, and On the Movements of the Celestial 
Bodies according to Peripatetic Principles without Eccentrics and Epicycles by 
Giovanni Amici, a brilliant young man, who, incidentally, was murdered before 
he was thirty. 

But by now the unpublished work of Copernicus had acquired an under- 
ground reputation; Celio Calagnini, once a soldier of fortune and now a cleric, 
who had visited at Cracow in 1518, composed before 1524 a highly periphrastic 
essay in which he attempted to argue that all the apparent movements in the 
heavens could be saved by rotatory movements of the earth! 


What induced Copernicus himself to think of the earth’s being in motion? 
You will read Copernicus’ own answer to that in Book 1 of De revolutionibus, 
insofar as it was occasioned by astronomical considerations. 
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You are implying that 1t was occasioned by other considerations besides the astro- 
nomical? 

Yes. For in any given age distinct arts and sciences may share in formal pat- 
terns which are not the peculiar property of any single one of them. Or there 
may be a certain leading idea which serves to organize apparently diverse ma- 
terials: I speak roughly, but consider the continuum as a master-builder idea 
which has received varying embodiments in modern biology, mathematics, 
physics, psychology, metaphysics, and the novel; or the modern preoccupation 
with time from Calvin’s theology and Galileo’s physics to Proust’s Remembrance 
of Things Past. Sometimes some special science lays claim as to its own property 
to the discovery and analysis of these formal patterns or leading ideas, and sets 
up rules for the reduction of many other disciplines to some single one which is 
viewed as architectonic. For example, the Marxists today have contrived a 
method of exegesis which reads poetry, theology, mathematics, and politics as 
symbols for economic realities, just at St. Augustine saw human nature as made 
up of mirror-images of the Trinity, and St. Bonaventura found foot-prints of the 
Incarnation, the Christian way of life, and the beatific vision in all the arts 
which human beings practice. Similarly, the Freudians would like to reduce the 
world that man constructs for himself to a number of erotic categories, the most 
justly famous of which is the Oedipus complex. 


What analogous architectonic idea do you find at the time of Copernicus? 

As formulated mythologically, it is the doctrine of the microcosm and the 
macrocosm, the ‘‘little world” and the ‘‘big world.” Pico della Mirandola tells 
the story of it as follows: ‘‘God by the laws of his hidden wisdom had con- 
structed the world. Creation was complete: everything was filled up; all things 
had been laid out in the highest, the lowest, and the mean orders. He had 
adorned the supercelestial region with intelligences, and He had animated the 
celestial globes with immortal souls and with the primal animals. But now that 
the work was all done, the Master-Builder desired some creature that should 
contemplate the organization of the created world, love its beauty, and wonder 
at its greatness. But there was nothing left among the archetypal ideas from 
which He could form a new sprout nor anything in his storehouses which He 
could bestow as an heritage upon this new son nor an empty judiciary seat where 
this contemplator of the universe could sit. But the paternal power could not 
fail in the final birth-throes, as if worn out through child-bearing; wisdom, in a 
case of necessity, could not be at a loss for want of a plan, the loving-kindness 
which would praise liberality in others could not be forced to condemn itself. 
Finally, the Master-Builder decided that that to which nothing which should be 
its very own could be given should be, in composite fashion, whatsoever had be- 
longed individually to each and every thing.’”’ Therefore He made man to be a 
mirror of the whole universe, a creature whose nature was distinguished from 
all other natures by being limited to no single nature but embracing all natures 
in the world: a body which tends towards the centre of the earth, a growing 
vegetable rooted in one place, an animal having desire and local movement, and 
an angel uniting contrary forms in oneness of intuition. 
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I can see how man may be regarded poetically as a small world which mirrors the 
great world of which he is a part. But what does that have to do with Copernicus? 

As you will see, Copernicus substituted the daily rotation of the earth for the 
rotation of the total heavens, made the precession of the equinoxes depend upon 
a conical revolution of the axis of the terrestrial ecliptic around the axis of the 
terrestrial equator (rather than upon a conical revolution, so to speak, of the 
axis of the celestial ecliptic around the axis of the celestial equator), and trans- 
ferred the annual revolution from the sun to the earth. By this last step he tele- 
scoped into one circle (viz., the annual orbit of the earth) five planetary circles 
(viz., the eccentric circles of Mercury and Venus and the major epicycles of 
Mars, Jupiter, and Saturn). Thus the Copernican earth is to the Ptolemaic 
heavens as microcosm is to macrocosm; or, to keep the metaphor sharp, perhaps 
we should say that the Copernican earth is a little heaven, or microtiranus, while 
the Ptolemaic heavens are a big earth, or macrogé. If you choose to interpret 
either system literally, you may read the other as a mirror-symbol of the first by 
way of the microcosm-macrocosm transformation. 


Do any anologies hold between Copernican astronomy and any other sciences of the 
times? 

There is an anology between Copernican astronomy and the analytic geom- 
etry developed out of the work of Descartes. Or, more fully, as Copernicus is to 
Ptolemy, so is analytic to the synthetic geometry of Euclid or Apollonius of 
Perga. 

Now Ptolemy, as you have seen, built up separately his schemes for each of 
the planets and established the relative magnitudes of the major epicycle and 
the epicycle-bearing circle of one and the same planet. But, on his own grounds, 
he had no way of determining the relative magnitude of the epicycle-bearing 
circle of one planet in comparison with that of another, and therefore no way of 
determining intrinsically the distances and order of the planets. Later on, 
Proclus—the disciple of Plotinus and commentator on Plato and Euclid—pro- 
posed the rule which was adopted by the Moslem and Renaissance astronomers, 
namely, that, if the order of the planets be taken according to the speed of their 
revolutions, then, within that order, their relative distances should be deter- 
mined by making the apogee of the nearest planet immediately precede the 
perigee of the next planet and so on, the apogee of the higher immediately fol- 
lowing the perigee of the lower. But that was a surmise or an extrinsic hypothe- 
sis. However, within the Ptolemaic set-up, it was remarkable and unexplained 
that the period of the epicycle-bearing circles of Mercury and Venus should be 
equal to a year and the sun should always be on a line with the centre of the 
epicycle, and that in the case of Mars, Jupiter, and Saturn (within any cycle of 
time common to the epicycle-bearing circle and to the epicycle), the sum of the 
revolutions of the two circles should be equal to the number of solar years, the 
number of revolutions of the sun within that same cycle of time. 

Now Copernicus, as you will see and as I shall not explain right now, inter- 
preted as mirror-images of the earth’s annual movement the epicycle-bearing 
circles of Venus and Mercury and the epicycles of the upper planets (in such 
fashion that the difference between the movement of an upper planet on its epi- 
cycle in one year and the movement on the epicycle-bearing circle is redefined 
as the difference between the earth’s movement and the planet’s during that 
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same time). In this way, by telescoping five circles into one, he set up an hypoth- 
esis which should underlie the Ptolemaic hypotheses and from it was able to 
deduce the distances of the planets in comparison with one another. 

Similarly, Apollonius of Perga had built up elaborate demonstrations, for 
example, of the constructibility of conic sections, separate and distinct demon- 
strations for the circle, parabola, hyperbola, and ellipse, which analytic geome- 
try redefines with greater symbolical and operational simplicity, in the general 
equation of the second degree: 

ax?-+bxy+cy?+dx+ey+f=0. 
That is to say, the operational unity of symbols to which analytics reduces syn- 
thetic Euclidean geometry is like the notorious Copernican simplification of 
Ptolemaic hypotheses. 


Do analogies hold between Copernican astronomy and anything else outside the 
strict, scientific field? 

Yes, for his astronomical system is neo-classical, in a way that the tragedies 
of Corneille and Racine were neo-classical a century later. For Renaissance 
literary critics rigorously interpreted Aristotle’s unity of action, which was 
merely the explicit statement of a property which would be found in any good 
tragedy, as a formal rule for the construction of a plot, and from it deduced 
unity of time and unity of place. Thus they transformed a generalization about 
existing tragedies into a law which must be obeyed by all future tragedies and 
an insight into a system. 

Similarly, Copernicus interpreted the axiom of regular circular motion with a 
neo-classical rigor that Ptolemy had not employed. For example, in his lunar 
and planetary hypotheses, Ptolemy would set up a circle, on the circumference 
of which regular movement took place. But (to state the simplest case) the regu- 
larity of the movement would be measured, not according as equal angles at 
the centre measured equal times but according as equal angles around some 
other fixed point measured equal times; that is to say, the ‘‘centre of distance” 
was not the same as the ‘“‘centre of regular motion.’”’ Ptolemy found that all 
right: there was one circle on whose circumference the motion took place, and 
another circle around whose centre the regularity of the motion could be 
measured. Hence the requirement of regular and circular motion was fulfilled. 

But Copernicus argued that such a reading of the axiom destroyed it while 
purporting to save it, that the notion of regular, circular movement was paro- 
died by having the movement on one circle and the regularity on another, and 
that the axiom strictly demanded that equality of distance and regularity of 
motion be measured on one circumference—or, in other words, that the circles 
of distance and regular movement be one and the same. 


How was De revolutionibus received by the men of the times? 

People were divided for and against it. Those who received it favorably num- 
bered astronomers and ecclesiastics; those who received it unfavorably num- 
bered ecclesiastics and astronomers. The objections raised against the mobility 
of the earth had to do both with theology and with natural science. One hun- 
dred years or more earlier all theologians would have been more sophisticated 
in their literal interpretation of certain parts of Scripture (just as St. Thomas 
Aquinas had remarked that analogical arguments raised by speculative reason 
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for the doctrine of the Trinity were of no greater probability than the epicycles 
and eccentrics of Ptolemy) and would not have found the motion of the earth 
in contradiction with Job’s “who shaketh the earth out of her place and the pil- 
lars thereof tremble.” But the dissensions between Catholics and Protestants 
made both sects fearful of any scandal which might appear to undermine respect 
for the Church of the Bible, and consequently they became over-literal in their 
reading of Scripture and were inclined to condemn any assertion which could 
be construed as contradicting any literal interpretation of any passage in the 
Bible. Luther blustered that ‘‘the fool will upset the whole science of astron- 
omy, but as the Holy Scripture shows, it was the sun and not the earth which 
Joshua ordered to stand still.’”? And even Melanchthon condemned Copernicus’ 
opinion. 

Giordano Bruno, however, the ecclesiastical reformer and philosopher, who in 
1600 was burned at the stake for heresy, in his cosmology praised Copernicus 
highly; while Diego de Stuniga, a doctor of divinity of the University of Toledo, 
in a commentary on Job interpreted the aforementioned passage in the light of 
Copernican astronomy. But in 1616 the Inquisition at Rome declared the as- 
sertion of the earth’s motion to be heretical, and the Sacred Congregation sol- 
emnly suspended De revolutionibus and Stufiga’s commentary “until they 
should be corrected.’’ Copernicus’ book, along with Kepler’s Epitome and Gali- 
leo’s Dialogue on the Two Chief Systems of the World wherein he had sophistically 
ignored the existence of Tycho Brahe’s system, were not removed from the In- 
dex until 1822. | 

The main difficulty raised by physicists was to the effect that, if the earth 
were in rotation, then falling bodies would not appear to describe a plumb-line 
but some other curve in relation to the merely apparent stillness of the earth. 
Galileo was probably the first experimenter to drop a stone from the top to the 
foot of the mast of a moving ship. There was no philosophic solution to the diffi- 
culty before Galilean kinetics: with respect to a short fall in a brief time, the 
motion of a body falling to the earth could be explained by analogy with the 
rectangle of movement of a projectile, where the rotation of the earth (as if the 
horizontal component) does not interfere with the pull of gravity towards the 
centre of the earth (as if the vertical component). 

Tycho Brahe, nearly as great an astronomer as Copernicus or Kepler, found 
unanswerable the objections based on the Scriptures and on the apparent course 
of falling bodies; but approved the simplification introduced into the planetary 
theories by making a point around the sun the centre of all the planets’ orbits. 
Accordingly, he adopted the Copernican system with a slight revision: he cen- 
tred all the planets around the sun but kept the sun revolving round the earth, 
which remained motionless at the centre of the world. Tycho’s main work, how- 
ever, lay less in the construction of a new system of the heavenly motions (for 
the Tychonic is derived by a simple transformation of the Copernican) than in 
taking new observations in order to determine with greater accuracy the ap- 
parent course of the planets—and it was out of Tycho’s observations as material 
that Kepler built his system. 

As a young man, Tycho had met Pierre de la Ramée, professor of philosophy 
and rhetoric at the College Royal at Paris, who had been intellectually nursed 
in scholasticism but ever afterwards was a violent Orestes towards any Aris- 
totelian Clytemnaestra. De la Ramée, who thought epicycles and eccentrics too 
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arbitrary a way of saving the appearances, demanded an “astronomy without 
hypotheses.’’ Tycho pointed out to him the unsophistication of his demand, in- 
asmuch as motions would always need to be represented by geometric figures, 
and the simplest astronomical conception—that of a recurrence or cycle of 
movements, without which no science would be possible—presupposes some- 
thing like a circle; but he agreed with de la Ramee that some other figures be- 
sides the epicycles and eccentrics of the ancients might form a more convenient 
or more beautiful way of saving the appearances; and consequently he gathered 
together his ‘‘storehouse of observations” not merely for the sake of making 
precise the eccentricities and the number of epicycles, but also for the sake of 
any revolutions in theory which they might make possible. 

Among scientists who were not primarily astronomers the most influential 
Corpernican was William Gilbert, a physician of London, who in 1600 published 
On the Loadstone and Magnetic Bodies and on the Great Magnet the Earth, the 
first great treatise on magnetism. 

The loadstone or natural magnet, he argues, is of the same nature as iron or 
iron ore. The attraction subsisting between a loadstone and iron is not due 
merely to the action of the loadstone but is the joint work of the two. The force 
of attraction, or ‘‘coition”’ (as he prefers to call it), is strongest at the poles of 
the loadstone but is present throughout its whole body, since a needle brought 
into contact with a loadstone will not move towards a pole, although it will turn 
until it is directed in line with the poles. On two magnetized iron bodies the 
force of coition proceeds from unlike pole to unlike pole. But principally, the 
loadstone is of the same nature as the earth and is but a part of the earth ho- 
mogeneous with the whole; and a spherical loadstone is a little earth, or microgé, 
while the earth itself (which possesses magnetic poles, meridians, and equator) 
is a big magnet or macromagnes—on the grounds that a piece of iron or a load- 
stone behaves in the same way towards the whole earth as a piece of iron or 
small loadstone does towards a larger spherical loadstone. And just as the human 
soul is the principle which gives order and unity to the various powers and oper- 
ations of man, so the magnetic force of a loadstone is like a soul which underlies 
the diverse magnetic powers of coition and direction. As a spherical loadstone 
has the power of rotating (as witnessed by the fact that it can rotate around the 
axis of a meridian, if one of its poles faces the like pole on another loadstone), 
then the daily rotation of the earth is probably due to its magnetic energy and 
to the influence of the sun; and more universally still, all the planetary motions 
may be due to magnetism. Although in neither case does he give a detailed ex- 
planation as to how celestial movements may be conditioned magnetically, yet 
he is here giving the bare suggestion for the transformation of the heavens into 
a macrogé, which Kepler attempted with more specificity and Newton carried 
out in a different fashion. 


How did Kepler conceive of the task of saving the appearances? 

He held a view of the nature of empirical science which is not fashionable to- 
day, nor was it fashionable among his contemporaries. As a pious Christian 
Kepler believed that the world had been created according to an archetypal plan 
in the intellect of God; and, as a philosopher, he held that the human mind was 
adequate to comprehend the order of the natural world by observation through 
the senses and by understanding; and that this order, when discovered and 
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understood, could be formulated with precision and certainty in a deductive 
system whose governing principle would be that nature was created according 
to an archetypal plan which was itself in the image of God. 


Did he not affirm with dogmatic extravagance that he had deduced the appearances 
a priori from archetypal principles? 

In so far as he seems to say that, he was carried away more by poetic enthu- 
siasm than by unlicensed dogmatism. While he held that the appearances would 
ultimately be deducible from archetypal principles, he laid no claim to having 
made any final deductions. He calls upon any one to improve upon his work 
who can do so. His own deductions are designed to be tentative and exemplary 
rather than final. For example, in searching for some law that would bind to- 
gether the distances of the planets, after a series of trials and errors he hit upon 
the circumscribed and inscribed spheres of the five regular solids as a measuring 
rod. And again, after many trials and errors, he at last discerned an aspect of 
the planetary movements that could be measured by the ratios of musical har- 
monies. But he judged that insofar as his particular conclusions were true, they 
must fit together into a final deductive system. And he himself merely strove to 
build up what should be a logical and rhetorical foreshadowing of the same. A 
reading of Book v of the Harmonies will make all that clear. 


But is it not arbitrary to try to measure the distances of the planets according to the 
spheres in and around the five regular solids and fantastic to apply musical ratios to 
celestial movements? 

In what way are the spheres of the five solids a more arbitrary measuring rod 
for the distances of the planets than successive increments of whole numbers as 
in ‘‘Bode’s Law,”’ or than an hyperbola as a measuring-rod for the relation be- 
tween the volume and pressure of a gas under constant temperature? 

Similarly, it would have struck Kepler as obscure that the set of numbers 
which measured the relative lengths of harmonically tuned strings should be 
said to be limited to them alone. 


But does not Kepler also pretend to account for the number of the planets by means 
of the five solids? What would he say about the planets more recently discovered 
through the telescope? 

Well, as Peter Johannides aptly remarked, do not the five regular solids save 
the appearances of all the primary planets which are visible to the naked, un- 
tutored eye? 


Why have you chosen to translate these particular works? 

De revolutionibus orbium caelestium is Copernicus’ major and almost single 
work. I have not translated his Commentariolus, which is a brief sketch of his 
system, written at an earlier date, or the Letter Against Werner, which is con- 
cerned with the variation in the precession of the equinoxes, because these 
works are themselves of secondary importance and are already available in 
English. 

In the case of Kepler, there might be some doubt as to why I have translated 
the Epitomes astronomiae rather than the Astronomia nova, and a part of the 
Epitomes rather than the whole. Now the Astronomia nova is a work designed 
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for study by the professional astronomer—one which presupposes in the reader 
a technical knowledge of astronomy and is, so to speak, built directly up out of 
observations and computations—while the Epitomes, as written for the educated 
amateur as well as for the practitioners, comprehends a fuller and more explicit 
account of the elements of Keplerian astronomy and is less wrapped up in the 
interplay of observation and computation. I have omitted Books 1-111, because 
they deal merely with spherical astronomy (that is to say, the phenomena aris- 
ing from the daily rotation) and add nothing to Ptolemy and Copernicus. I 
have omitted Books vi—-vu principally for reasons of space and time. They can, 
without too great loss, be omitted, because they are subordinate to Books Iv 
and v, as being concerned with the application of the general hypotheses and 
calculus established in Books Iv and v to the specific details of the planetary 
movements. I have also included Book v of the Harmonies becuase it is the work 
which Kepler himself set most store by, because it is a model of elegance and 
dramatic suspense in scientific exposition, because it contains the original pres- 
entation of Kepler’s ‘‘third law,” because its discussion of the “‘music of the 
spheres”’ forms a needed supplement to, and explication of, parts of Book rv of 
the E'pitomes, because it shows most clearly the role that Kepler conceived tech- 
nical astronomy to play in a complete science of nature, because it shows very 
clearly the method followed by Kepler as a practising astronomer, and because 
it presents a system of mathematical measurement which is self-contained, 
speculative, and non-practical. I have been able to omit Books 1-1v of the 
Harmonices mundi with a relatively clear conscience, because they are not con- 
cerned directly with astronomy. 


What has been your method of translating? 

There are two methods of translating which I have employed according to 
the topic of the discourse in the originals. One, in the case of expository passages 
which do not involve numerical computation to any great extent, I have used a 
straight prose and have not been concerned if I stayed very close to the syntax 
of the original. For while the job of a translator is not to reconstruct in one 
language the word-patterns of another but to put across into the new language 
the ideas expressed in the old, still only a presumptuous translator would sup- 
pose that he can recover all the interrelations among ideas which are as it were 
co-signified by the specific syntax of the original statements: therefore a certain 
strict awkwardness of English syntax may serve to roughen too smooth a flow 
of words and thus to remind the hurrying reader that there are relations of ideas 
that elegance must gloss over. On the other hand, in places where numerical 
computations occur at length, I have schematized the verbal format to the end 
that ‘“‘he who runs may read,” which is the manner whereby passages of com- 
putation should be read. 


Are there any sign-posts so that the reader, if need be, can check the translation 
against the original text? 

The pagination of the originals is indicated by bracketed numbers within the 
English text. In the cases of De revolutionibus and Epitomes Astronomiae the 
page-numbers are those of the first editions, while in the case of Harmonices 
mundi the page-numbers are those of Frisch’s edition. In translating explicit 
page-references made by Kepler himself in the body of the text, I have used the 
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term folium to signify that the page-number refers to the original edition and 
not to the translation. 

In conclusion, I should like to express my gratitude to Mr. Elliott Carter, 
who patiently read through my manuscript translation of Book v of The Har- 
monies of the World, suggested improvements in the musical terminology, and 
liberally placed at my disposal a set of notes on Kepler’s musical system, which 
are incorporated in the present text; but needless to say, all the failings of the 
present translation are my own. I should also like to acknowledge my indebted- 
ness to Dr. R. Catesby Taliaferro, to Dr. George Comenetz, to Dr. Jacob Klein, 
and especially to Mr. Peter H. Jackson for criticisms and suggestions as to the 
revision of the earlier drafts of these translations, and also for various kinds of 
labour in the preparation of these earlier drafts, which were published in mimeo- 
graphed form at St. John’s College, Annapolis, in 1938-9, to Mrs. Edward F. 
Lathrop, Mr. Hirsh Nadel, Mr. Lee M. Mace, and to Mr. Harvey Dubinsky. 


C. G. WALLIS 


SYMBOLS AND ABBREVIATIONS 


The translator here appends a list of examples of symbols and abbreviations 
which have been used in these works: 


b for Saturn © for Earth 

2. for Jupiter 2 for Venus 

o for Mars 8 for Mercury 
T for Ram (Aries) = for Balance (Libra) 
vo for Bull (Taurus) Mm for Scorpion (Scorpio) 
a for Twins (Gemini) * for Archer (Sagittarius) 
6 for Crab (Cancer) © for Goat (Capricornus) 
& for Lion (Leo) # for Waterboy (Aquarius) 
ny for Virgin (Virgo) H for Fishes (Pisces) 


sq. AB for square on AB 

rect. AB, CD for rectangle AB, CD 

trgl. for triangle 

sect. for sector 

AB:CD EF :GH for AB has to CD a greater ratio than EF to GH 

ch. AB for chord AB 

16 ch. 2 AB for one half the chord subtending twice arc AB 

dmt. sph. for diameter of the sphere 

AB gr. circ. sph. for arc AB on the great circle of the sphere 

AB:CD=AB: BC comp. BC: CD for the ratio of AB to CD is equal to the 
ratio of AB to BC compounded with the ratio of BC to CD. 

AB=CD for AB is equal to CD 

AB=CD for AB is approximately equal to CD 

AB>CD for AB is not less than CD 

add. AB =6°42’ for addition-subtraction AB is equal to 6°42’ 

add. for additive addition-subtraction 

-add. for subtractive addition-subtraction 
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5°10'12” for 5 degrees 10 minutes 12 seconds of the given circle of 360 degrees 

— 65/14” for 6 degrees 5 minutes 14 seconds of the given diameter (or radius) of 
60 degrees 

seg. circ. ABC for segment ABC of the circle 

ecc. for eccentricity 

rad. ep. for radius of epicycle 

gnom. ABC fer gnomon ABC 

comp. area ABC for composite area ABC 

sag. AB for sagitta AB 


SHORT BIBLIOGRAPHY OF COPERNICUS AND KEPLER 


Nicolai Copernici Torinensis. De revolutionibus orbium coelestium. Norimbergae, 
1543. 

Nicolai Copernici Torinensis. Astronomia instaurata. Restituta notisque tllus- 
trata, opera et studio D. Nicolai Mulerii. Amstelrodami, 1617. 
Nicolai Copernici Torinensis. De Revolutionibus Orbium Caelestium. Ex auctoris 
autographo recudi curavit Societas Copernicana Thorunensis. Thoruni, 1873. 
Joanne Kepplero. Epitomes Astronomiae Copernicanae Liber Quartus. Lentus ad 
Danubium, 1620. 

Joanne Kepplero. Epitomes Astronomiae Copernicanae Libri V, VI, VIT. Fran- 
cofurti, 1621. 

Joannis Keplert Opera Omnia, ed. Dr. Cl. Frisch. Volumen V. Harmonices 
Mundi Libri V. Francofurti, 1864. 
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BIOGRAPHICAL NOTE 
NiIcoLaus CoPpERNICcUS, 1473-1543 


CoPpERNicus was born February 19, 1473, at 
Torun, Poland, the youngest of the four chil- 
dren of a prosperous merchant. Upon the 
father’s death in 1484, the children were a- 
dopted by their maternal uncle, Lucas Watzel- 
rode, a priest of some scholarly attainments 
who became Bishop of Ermland in 1489; it was 
decided that Nicolaus should be trained for the 
church. 

At the University of Cracow, which he en- 
tered in 1491, Copernicus first became serious- 
ly interested in mathematics. He studied par- 
ticularly with Albert Brudzewski, the author 
of a commentary on Peurbach’s text-book of 
Ptolemaic astronomy, and the leader of the 
humanist faction at the university. From him 
Copernicus not only learned mathematics and 
astronomy, but also acquired an attraction for 
the new humanistic studies. He left Cracow in 
1494, without taking his examinations for a 
degree. 

After it had become apparent that his uncle 
would provide him with a sinecure, Copernicus 
went to Italy. He remained there from 1496 to 
1506 perfecting his education in many different 
fields. He first attended the University of 
Bologna, where he followed the course in canon 
law as a preparation for administrative work 
in the church. But mathematics and astron- 
omy continued to be his particular interest, 
and he became closely associated with Dome- 
nico Maria de Novara, a Platonist who had 
detected the diminution in the obliquity of the 
ecliptic and the variation in latitude. Although 
he obtained his appointment as canon of the 
cathedral of Frauenburg in 1497, he immedi- 
ately obtained a leave of absence to continue 
his studies. In the jubilee year of 1500 he 
visited Rome and lectured on mathematics. 
The following year he returned to Ermland 
and obtained an extension of his leave of ab- 
sence so that he might study medicine at 
Padua. Except for the interval in 1503 when he 
completed his doctorate in canon law at Fer- 
rara, Copernicus studied from 1501 to 1505 in 


the medical school at Padua. When he returned 
to Poland the following year, he was not only a 
humanist learned in Greek, mathematics, and 
astronomy, but also a jurist and a physician. 

Copernicus did not actively assume his du- 
ties as a canon until six years after his de- 
parture from Italy. Until 1512 he resided at 
the episcopal palace of Heilsberg as physician 
to his uncle, the bishop. Upon the death of his 
uncle in that year he took up residence as a 
canon of the rich cathedral of Frauenburg on 
the Baltic. Although he never took holy orders, 
and only those vows necessary for his office as 
a canon, he was the official representative of 
the cathedral chapter in the many disputes in 
which it was involved. After the war between 
Poland and the Teutonic Knights from 1519 to 
1521, he planned and aided the reconstruction 
of Ermland. He served as commissary for the 
diocese of Ermland, and his medical skill was 
always at the service of the poor and frequent- 
ly in demand by the rich. In 1522 he presented 
a scheme for the reform of the currency before 
the Diet of Graudenz. He never became per- 
sonally involved in the conflicts of the Refor- 
mation. 

While engaged in many practical duties, 
Copernicus continued his intellectual pursuits. 
His first work, published in 1509, was a Latin 
translation of the fictitious correspondence of 
famous men written by Theophylact Simocat- 
ta, a seventh-century Byzantine historian. The 
introductory poem written by a college friend 
provided the first public praise of Copernicus 
as an astronomer, who “explores the rapid 
course of the moon and the changing move- 
ments of the fraternal star and the whole fir- 
mament with the planets.’’ Copernicus him- 
self said that it was in 1506, immediately after 
his return from Italy, that he began to develop 
his astronomical system and to write it down. 
The astronomical observations, which he had 
begun in Italy, were continued in Poland, par- 
ticularly at Frauenburg, where he established 
an observatory. By 1514 his reputation as an 
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astronomer led to his being invited by the 
Lateran Council to give his opinion on the pro- 
posed reform of the calendar. He declined on 
the ground that the movements of the sun and 
the moon had not yet been determined with 
sufficient accuracy. Although continually mak- 
ing observations and elaborating his own doc- 
trine, Copernicus showed great reluctance to 
publish the result of his work. His Letter 
Against Werner, which appeared in 1524, tried 
to demolish the old explanation of the alleged 
variation in the precession of the equinoxes 
but revealed nothing of his new theory. 

It was not until 1530 that Copernicus pro- 
vided in the Commentariolus a preliminary out- 
line of his heliocentric theory. It immediately 
attracted great attention. At Rome, Johann 
Albrecht Widmanstadt lectured upon the new 
doctrine; Pope Clement VII gave his approval; 
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Cardinal Schénberg entreated the author to 
make public his full thought upon the subject. 
In the spring of 1539 Copernicus was visited by 
Joachim Rheticus, a protegé of Melanchthon 
and at the age of twenty-five professor of 
mathematics at the University of Wittenberg. 
Rheticus stayed for some time, studied the de- 
tails of Copernicus’ planetary system, and in 
1540 composed and published, with Coper- 
nicus’ approval, a general account of it entitled 
Narratio Prima. At length Copernicus was pre- 
vailed upon by his friends to allow Rheticus to 
publish the De revolutionibus orbium coelestium. 
Copernicus lived only long enough to witness 
its appearance. Towards the close of 1542 he 
was seized with apoplexy and paralysis; on 
May 24, 1543, an advance copy of his work was 
presented to him, and on the same day he died. 
He was buried in the Frauenburg Cathedral. 
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INTRODUCTION 


To THE READER CONCERNING THE HYPOTHESES OF THIS WorK! 


[z>}?Since the newness of the hypotheses of this work—which sets the earth in 
motion and puts an immovable sun at the centre of the universe—has already 
received a great deal of publicity, I have no doubt that certain of the savants 
have taken grave offense and think it wrong to raise any disturbance among 
liberal disciplines which have had the right set-up for a long time now. If, how- 
ever, they are willing to weigh the matter scrupulously, they will find that the 
author of this work has done nothing which merits blame. For it is the job 
of the astronomer to use painstaking and skilled observation in gathering to- 
gether the history of the celestial movements, and then—since he cannot by 
any line of reasoning reach the true causes of these movements—to think up 
or construct whatever causes or hypotheses he pleases such that, by the assump- 
tion of these causes, those same movements can be calculated from the prin- 
ciples of geometry for the past and for the future too. This artist is markedly 
outstanding in both of these respects: for it is not necessary that these hypo- 
theses should be true, or even probably; but it is enough if they provide a 
calculus which fits the observations—unless by some chance there is anyone so 
ignorant of geometry and optics as to hold the epicycle of Venus as probable 
and to believe this to be a cause why Venus alternately precedes and follows 
the sun at an angular distance of up to 40° or more. For who does not see that 
it necessarily follows from this assumption that the diameter of the planet in 
its perigee should appear more than four times greater, and the body of the 
planet more than sixteen times greater, than in its apogee? Nevertheless the 
the experience of all the ages is opposed to that. There are also other things 
in this discipline which are just as absurd, but it is not necessary to examine 
them right now. For it is sufficiently clear that this art is absolutely and pro- 
foundly ignorant of the causes of the apparent irregular movements. And if 
it constructs and thinks up causes—and it has certainly thought up a good 


1This foreword, at first ascribed to Copernicus, is held to have been written by Andrew 
Osiander, a Lutheran theologian and friend of Copernicus, who saw the De Revolutionibus 
through the press. 
Z e ?The numbers within the brackets refer to the pages of the first edition, 
published in 1543 at Nuremberg. 

’Ptolemy makes Venus move on an epicycle the ratio of whose radius 
to the radius of the eccentric circle carrying the epicycle itself is nearly 
three to four. Hence the apparent magnitude of the planet would be ex- 

ew, pected to vary with the varying distance of the planet from the Earth, in 
the ratios stated by Osiander. 

Ig Moreover, it was found that, whenever the planet happened to be on 

the epicycle, the mean position of the sun appeared in line with EPA. 

And so, granted the ratios of epicycle and eccentric, Venus would never 

appear from the Earth to be at an angular distance of much more than 40° from the centre of 

her epicycle, that is to say, from the mean position of the sun, as it turned out by observation. 
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many—nevertheless it does not think them up in order to persuade anyone of 
their truth but only in order that they may provide a correct basis for calcula- 
tion. But since for one and the same movement varying hypotheses are pro- 
posed from time to time, as eccentricity or epicycle for the movement of the sun, 
the astronomer much prefers to take the one which is easiest to [77?] grasp. May- 
be the philosopher demands probability instead; but neither of them will grasp 
anything certain or hand it on, unless it has been divinely revealed to him. 
Therefore let us permit these new hypotheses to make a public appearance 
among old ones which are themselves no more probable, especially since they 
are wonderful and easy and bring with them a vast storehouse of learned 
observations. And as far as hypotheses go, let no one expect anything in 
the way of certainty from astronomy, since astronomy can offer us nothing 
certain, lest, if anyone take as true that which has been constructed for an- 
other use, he go away from this discipline a bigger fool than when he came 
to it. Farewell. 


PREFACE AND DEDICATION TO PoPpE PAUL III 


[72>] I can reckon easily enough, Most Holy Father, that as soon as certain 
people learn that in these books of mine which I have written about the revo- 
lutions of the spheres of the world I attribute certain motions to the terrestrial 
globe, they will immediately shout to have me and my opinion hooted off the 
stage. For my own works do not please me so much that I do not weigh what 
judgments others will pronounce concerning them. And although I realize that 
the conceptions of a philosopher are placed beyond the judgment of the crowd, 
because it is his loving duty to seek the truth in all things, in so far as God has 
granted that to human reason; nevertheless I think we should avoid opinions 
utterly foreign to rightness. And when I considered how absurd this “‘lecture”’ 
would be held by those who know that the opinion that the Earth rests immov- 
able in the middle of the heavens as if their centre had been confirmed by the 
judgments of many ages—if I were to assert to the contrary that the Earth 
moves; for a long time I was in great difficulty as to whether I should bring to 
light my commentaries written to demonstrate the Earth’s movement, or 
whether it would not be better to follow the example of the Pythagoreans and 
certain others who used to hand down the mysteries of their philosophy not in 
writing but by word of mouth and only to their relatives and friends—witness 
the letter of Lysis to Hipparchus. They however seem to me to have done that 
not, as some judge, out of a jealous unwillingness to communicate their doc- 
trines but in order that things of very great beauty which have been investi- 
gated by the loving care of great.men should not be scorned by those who find 
it a bother to expend any great energy on letters—except on the money-making 
variety—or who are provoked by the exhortations and examples of others to 
the liberal study of philosophy but on account of their natural [772] stupidity 
hold the position among philosophers that drones hold among bees. Therefore, 
when I weighed these things in my mind, the scorn which IJ had to fear on 
account of the newness and absurdity of my opinion almost drove me to aban- 
don a work already undertaken. 

But my friends made me change my course in spite of my long-continued 
hestitation and even resistance. First among them was Nicholas Schonberg, 
Cardinal of Capua, a man distinguished in all branches of learning; next to him 
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was my devoted friend Tiedeman Giese, Bishop of Culm, a man filled with the 
greatest. zeal for the divine and liberal arts: for he in particular urged me 
frequently and even spurred me on by added reproaches into publishing this 
book and letting come to light a work which I had kept hidden among my 
things for not merely nine years, but for almost four times nine years. Nota 
few other learned and distinguished men demanded the same thing of me, 
urging me to refuse no longer—on account of the fear which I felt—to contri- 
bute my work to the common utility of those who are really interested in mathe- 
matics: they said that the absurder my teaching about the movement of the 
Earth now seems to very many persons, the more wonder and thanksgiving 
will it be the object of, when after the publication of my commentaries those 
same persons see the fog of absurdity dissipated by my luminous demonstra- 
tions. Accordingly I was led by such persuasion and by that hope finally to 
permit my friends to undertake the publication of a work which they had long 
sought from me. 

But perhaps Your Holiness will not be so much surprised at my giving the 
results of my nocturnal study to the light—after having taken such care in work- 
ing them out that I did not hesitate to put in writing my conceptions as to the 
movement of the Earth—as you will be eager to hear from me what came into 
my mind that in opposition to the general opinion of mathematicians and almost 
in opposition to common sense I should dare to imagine some movement of 
the Earth. And so I am unwilling to hide from Your Holiness that nothing 
except my knowledge that mathematicians have not agreed with one another 
in their researches moved me to think out a different scheme of drawing up 
the movements of the spheres of the world. For in the first place mathematicians 
are so uncertain about the movements of the sun and moon that they can 
neither demonstrate nor observe the unchanging magnitude of the [777] revolv- 
ing year. Then in setting up the solar and lunar movements and those of the 
other five wandering stars, they do not employ the same principles, assump- 
tions, or demonstrations for the revolutions and apparent movements. For some 
make use of homocentric circles only, others of eccentric circles and epicyeles, 
by means of which however they do not fully attain what they seek. For al- 
though those who have put their trust in homocentric circles have shown that 
various different movements can be composed of such circles, nevertheless 
they have not been able to establish anything for certain that would fully 
correspond to the phenomena. But even if those who have thought up eccen- 
tric circles seem to have been able for the most part to compute the apparent 
movements numerically by those means, they have in the meanwhile admitted 
a great deal which seems to contradict the first principles of regularity of move- 
ment. Moreover, they have not been able to discover or to infer the chief point 
of all, z.e., the form of the world and the certain commensurability of its parts. 
But they are in exactly the same fix as someone taking from different places 
hands, feet, head, and the other limbs—shaped very beautifully but not with 
reference to one body and without correspondence to one another—so that 
such parts made up a monster rather than a man. And so, in the process of 
demonstration which they call ‘‘method,” they are found either to have omitted 
something necessary or to have admitted something foreign which by no means 
pertains to the matter; and they would by no means have been in this fix, if 
they had followed sure principles. For if the hypotheses they assumed were not 
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false, everything which followed from the hypotheses would have been verified 
without fail; and though what I am saying may be obscure right now, neverthe- 
less it will become clearer in the proper place. 

Accordingly, when I had meditated upon this lack of certitude in the tra- 
ditional mathematics concerning the composition of movements of the spheres 
of the world, I began to be annoyed that the philosophers, who in other respects 
had made a very careful scrutiny of the least details of the world, had dis- 
covered no sure scheme for the movements of the machinery of the world, 
which has been built for us by the Best and Most Orderly Workman of all. 
Wherefore I took the trouble to reread all the books by philosophers which I 
could get hold of, to see if any of them even supposed that the movements of 
the spheres of the world [zv*] were different from those laid down by those who 
taught mathematics in the schools. And as a matter of fact, I found first in 
Cicero that Nicetas thought that the Earth moved. And afterwards I found 
in Plutarch that there were some others of the same opinion: I shall copy out 
his words here, so that they may be known to all: 

Some think that the Earth is at rest; but Philolaus the Pythagorean says that it 
moves around the fire with an obliquely circular motion, like the sun and moon. Herak- 
leides of Pontus and Ekphantus the Pythagorean do not give the Earth any movement 
of locomotion, but rather a limited movement of rising and setting around its centre, 
like a wheel.} 

Therefore I also, having found occasion, began to meditate upon the mobility 
of the Earth. And although the opinion seemed absurd, nevertheless because I 
knew that others before me had been granted the liberty of constructing what- 
ever circles they pleased in order to demonstrate astral pheonmena, I thought 
that I too would be readily permitted to test whether or not, by the laying 
down that the Earth had some movement, demonstrations less shaky than those 
of my predecessors could be found for the revolutions of the celestial spheres. 

And so, having laid down the movements which I attribute to the Earth 
farther on in the work, I finally discovered by the help of long and numerous 
observations that if the movements of the other wandering stars are correlated 
with the circular movement of the Earth, and if the movements are computed 
in accordance with the revolution of each planet, not only do all their phe- 
nomena follow from that but also this correlation binds together so closely the 
order and magnitudes of all the planets and of their spheres or orbital circles 
and the heavens themselves that nothing can be shifted around in any part 
of them without disrupting the remaining parts and the universe as a whoie. 

Accordingly, in composing my work J adopted the following order: in the 
first book I describe all the locations of the spheres or orbital circles together 
with the movements which I attribute to the earth, so that this book contains 
as it were the general set-up of the universe. But afterwards in the remaining 
books I correlate all the movements of the other planets and their spheres or 
orbital circles with the mobility of the Earth, so that it can be gathered from 
that how far the apparent movements of the remaining planets and their 
orbital circles can be saved by being correlated with the movements of the 
Earth. And I have no doubt that talented and learned mathematicians will 
agree with me, if—as philosophy [i>] demands in the first place—they are 
willing to give not superficial but profound thought and effort to what I bring 


1De placitis philosophorum, i. 13. 
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forward in this work in demonstrating these things. And in order that the 
unlearned as well as the learned might see that I was not seeking to flee from 
the judgment of any man, I preferred to dedicate these results of my nocturnal 
study to Your Holiness rather than to anyone else; because, even in this remote 
corner of the earth where I live, you are held to be most eminent both in the 
dignity of your order and in your love of letters and even of mathematics; 
hence, by the authority of your judgment you can easily provide a guard against 
the bites of slanderers, despite the proverb that there is no medicine for the 
bite of a sycophant. 

But if perchance there are certain ‘idle talkers’? who take it upon themselves 
to pronounce judgment, although wholly ignorant of mathematics, and if by 
shamelessly distorting the sense of some passage in Holy Writ to suit their pur- 
pose, they dare to reprehend and to attack my work; they worry me so little 
that I shall even scorn their judgments as foolhardy. For it is not unknown that 
Lactantius, otherwise a distinguished writer but hardly a mathematician, speaks 
in an utterly childish fashion concerning the shape of the Earth, when he laughs 
at those who have affirmed that the Earth has the form of a globe. And so the 
studious need not be surprised if people like that laugh at us. Mathematics is 
written for mathematicians; and among them, if Iam not mistaken, my labours 
will be seen to contribute something to the ecclesiastical commonwealth, the 
principate of which Your Holiness now holds. For not many years ago under 
Leo X when the Lateran Council was considering the question of reforming the 
Ecclesiastical Calendar, no decision was reached, for the sole reason that the 
magnitude of the year and the months and the movements of the sun and moon 
had not yet been measured with sufficient accuracy. From that time on I gave 
attention to making more exact observations of these things and was encouraged 
to doso by that most distinguished man, Paul, Bishop of Fossombrone, who had 
been present at those deliberations. But what have I accomplished in this matter 
I leave to the judgment of Your Holiness in particular and to that of all other 
learned mathematicians. And so as not to appear to Your Holiness to make more 
promises concerning the utility of this book than I can fulfill, I now pass on to 
the body of the work. 


BOOK ONE’ 


Amon the many and varied literary and artistic studies upon which the natural 
talents of man are nourished, I think that those above all should be embraced 
and pursued with the most loving care which have to do with things that are 
very beautiful and very worthy of knowledge. Such studies are those which deal 
with the godlike circular movements of the world and the course of the stars, 
their magnitudes, distances, risings and settings, and the causes of the other ap- 
pearances in the heavens; and which finally explicate the whole form. For what 
could be more beautiful than the heavens which contain all beautiful things? 
Their very names make this clear: Caelum (heavens) by naming that which is 
beautifully carved; and Mundus (world), purity and elegance. Many philoso- 
phers have called the world a visible god on account of its extraordinary excel- 
lence. So if the worth of the arts were measured by the matter with which they 
deal, this art—which some call astronomy, others astrology, and many of the 
ancients the consummation of mathematics—would be by far the most. out- 
standing. This art which is as it were the head of all the liberal arts and the one 
most worthy of a free man leans upon nearly all the other branches of mathe- 
matics. Arithmetic, geometry, optics, geodesy, mechanics, and whatever others, 
all offer themselves in its service. And since a property of all good arts is to draw 
the mind of man away from the vices and direct it to better things, these arts 
can do that more plentifully, over and above the unbelievable pleasure of mind 
[which they furnish]. For who, after applying himself to things which he sees 
established in the best order and directed by divine ruling, would not through 
diligent contemplation of them and through a certain habituation be awakened 
to that which is best and would not wonder at the Artificer of all things, in 
Whom is all happiness and every good? For the divine Psalmist surely did not 
say gratuitously that he took pleasure in the workings of God and rejoiced in the 
works of His hands, unless by means of these things as by some sort of vehicle 
we are transported to the contemplation of the highest Good. 

Now as regards the utility and ornament which they confer upon a common- 
wealth—to pass over the innumerable advantages they give to private citizens 
—Plato makes an extremely good point, for in the seventh book of the Laws he 
says that this study should be pursued in especial, that through it the orderly 
arrangement of days into months and years and the determination of the times 
for solemnities and sacrifices should keep the state alive and watchful; and he 
says that if anyone denies that this study is necessary for a man who is going 
to take up any of the highest branches of learning, then such a person is think- 
ing foolishly ; and he thinks that it is impossible for anyone to become godlike 
or be called so who has no necessary knowledge of the sun, moon, and the other 
stars. 

However, this more divine than human science, which inquires into the high- 


1The three introductory paragraphs are found in the Thorn centenary and Warsaw editions. 
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est things, is not lacking in difficulties. And in particular we see that as regards 
its principles and assumptions, which the Greeks call ‘hypotheses,’ many of 
those who undertook to deal with them were not in accord and hence did not 
employ the same methods of calculation. In addition, the courses of the planets 
and the revolution of the stars cannot be determined by exact calculations and 
reduced to perfect knowledge unless, through the passage of time and with the 
help of many prior observations, they can, so to speak, be handed down to pos- 
terity. For even if Claud Ptolemy of Alexandria, who stands far in front of all 
the others on account of his wonderful care and industry, with the help of more 
than forty years of observations brought this art to such a high point that there 
seemed to be nothing left which he had not touched upon; nevertheless we see 
that very many things are not in accord with the movements which should fol- 
low from his doctrine but rather with movements which were discovered later 
and were unknown to him. Whence even Plutarch in speaking of-the revolving 
solar year says, ‘‘So far the movement of the stars has overcome the ingenuity of 
the mathematicians.” Now to take the year itself as my example, I believe it is 
well known how many different opinions there are about it, so that many people 
have given up hope of making an exact determination of it. Similarly, in the case 
of the other planets I shall try—with the help of God, without Whom we can do 
nothing—to make a more detailed inquiry concerning them, since the greater 
the interval of time between us and the founders of this art—whose discoveries 
we can compare with the new ones made by us—the more means we have of 
supporting our own theory. Furthermore, I confess that I shall expound many 
things differently from my predecessors—although with their aid, for it was they 
who first opened the road of inquiry into these things. 


1. THE WORLD IS SPHERICAL 


[1*] In the beginning we should remark that the world is globe-shaped; wheth- 
er because this figure is the most perfect of all, as it is an integral whole and 
needs no joints; or because this figure is the one having the greatest volume and 
thus is especially suitable for that which is going to comprehend and conserve 
all things; or even because the separate parts of the world 7.e., the sun, moon, 
and stars are viewed under such a form; or because everything in the world 
tends to be delimited by this form, as is. apparent in the case of drops of water 
and other liquid bodies, when they become delimited of themselves. And so no 
one would hesitate to say that this form belongs to the heavenly bodies. 


2. THe EARTH IS SPHERICAL [00 


The Earth is globe-shaped too, since on every side it rests upon its centre. 
But it is not. perceived straightway to be a perfect sphere, on account of the 
great height of its mountains and the lowness of its valleys, though they modify 
its universal roundness to only a very small extent. 

That is made clear in this way. For when people journey northward from 
anywhere, the northern vertex of the axis of daily revolution gradually moves 
overhead, and the other moves downward to the same extent; and many stars 
situated to the north are seen not to set, and many to the south are seen not to 
rise any more. So Italy does not see Canopus, which is visible to Egypt. And 
Italy sees the last star of Fluvius, which is not visible to this region situated in 
a more frigid zone. Conversely, for people who travel southward, the second 
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group of stars becomes higher in the sky; while those become lower which for 
us are high up. 

Moreover, the inclinations of the poles have everywhere the same ratio with 
places at equal distances from the poles of the Earth and that [15] happens in 
no other figure except the spherical. Whence it is manifest that the Earth it- 
self is contained between the vertices and is therefore a globe. 

Add to this the fact that the inhabitants of the East do not perceive the eve- 
ning eclipses of the sun and moon; nor the inhabitants of the West, the morning 
eclipses; while of those who live in the middle region—some see them earlier and 
some later. 

Furthermore, voyagers perceive that the waters too are fixed within this fig- 
ure; for example, when land is not visible from the deck of a ship, it may be 
seen from the top of the mast, and conversely, if something shining is attached 
to the top of the mast, it appears to those remaining on the shore to come down 
gradually, as the ship moves from the land, until finally it becomes hidden, as 
if setting. 

Moreover, it is admitted that water, which by its nature flows, always seeks 
lower places—the same way as earth—and does not climb up the shore any far- 
ther than the convexity of the shore allows. That is why the land is so much 
higher where it rises up from the ocean. 


3. How LAND AND WATER MAKE UP a SINGLE GLOBE 


And so the ocean encircling the land pours forth its waters everywhere and 
fills up the deeper hollows with them. Accordingly it was necessary for there 
to be less water than land, so as not to have the whole earth soaked with water— 
since both of them tend toward the same centre on account of their weight— 
and so as to leave some portions of land—such as the islands discernible here 
and there—for the preservation of living creatures. For what is the continent 
itself and the orbis terrarum except an island which is larger than the rest? We 
should not listen to certain Peripatetics who maintain that there is ten times 
more water than land and who arrive at that conclusion because in the trans- 
mutation of the elements the liquefaction of one part of earth results in ten parts 
of water. And they say that land has emerged for a certain distance because, 
having hollow spaces inside, it does not balance everywhere with respect to 
weight and so the centre of gravity is different from the centre of magnitude. 
But they fall into error through ignorance of geometry; for they do not know 
that there cannot be seven times more water than land and some part of the 
land still remain dry, unless the land abandon its centre of gravity and give 
place to the waters as being heavier. For spheres are to one another as the 
cubes of their diameters. If therefore there were seven parts of water and one 
part of land, [2?] the diameter of the land could not be greater than the radius 
of the globe of the waters. So it is even less possible that the water should be 
ten times greater. It can be gathered that there is no difference between the 
centres of magnitude and of gravity of the Earth from the fact that the con- 
vexity of the land spreading out from the ocean does not swell continuously, for 
in that case it would repulse the sea-waters as much as possible and would not 
in any way allow interior seas and huge gulfs to break through. Moreover, from 
the seashore outward the depth of the abyss would not stop increasing, and so 
no island or reef or any spot of land would be met with by people voyaging out 
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very far. Now it is well known that there is not quite the distance of two miles 
—at practically the centre of the orbis terrarum—between the Egyptian and the 
Red Sea. And on the contrary, Ptolemy in his Cosmography extends inhabitable 
lands as far as the median circle, and he leaves that part of the Earth as un- 
known, where the moderns have added Cathay and other vast regions as far as 
60° longitude, so that inhabited land extends in longitude farther than the rest 
of the ocean does. And if you add to these the islands discovered in our time 
under the princes of Spain and Portugal and especially America—named after 
the ship’s captain who discovered her—which they consider a second orbis ter- 
rarum on account of her so far unmeasured magnitude—besides many other is- 
lands heretofore unknown, we would not be greatly surprised if there were anti- 
phodes or antichthones. For reasons of geometry compel us to belive that 
America is situated diametrically opposite to the India of the Ganges. 

And from all that I think it is manifest that the land and the water rest 
upon one centre of gravity; that this is the same as the centre of magnitude of 
the land, since land is the heavier; that parts of land which are as it were yawn- 
ing are filled with water; and that accordingly there is little water in comparison 
with the land, even if more of the surface appears to be covered by water. 

Now it is necessary that the land and the surrounding waters have the figure 
which the shadow of the Earth casts, for it eclipses the moon by projecting a 
perfect circle upon it. Therefore the Earth is not a plane, as Empedocles and 
Anaximenes opined; or a tympanoid, as Leucippus; or a scaphoid, as Hera- 
cleitus; or hollowed out in any other way, as Democritus; or again a cylinder, as 
Anaximander; and it is not infinite in its lower part, with the density increasing 
rootwards, as Xenophanes thought; but it is perfectly round, as the philosophers 
perceived. 


4. Tae MOVEMENT OF THE CELESTIAL BoptEs Is REGULAR, CIRCULAR, 
AND EVERLASTING—OR ELSE COMPOUNDED OF CIRCULAR MOVEMENTS 


[2>] After this we will recall that the movement of the celestial bodies is cir- 
cular. For the motion of a sphere is to turn in a circle; by this very act expressing 
its form, in the most simple body, where beginning and end cannot be discovered 
or distinguished from one another, while it moves through the same parts in it- 
self. 

But there are many movements on account of the multitude of spheres or 
orbital circles'!. The most obvious of all is the daily revolution—which the 
Greeks call vux6jpepov; 2.e., having the temporal span of a day and a night. By 
means of this movement the whole world—with the exception of the Earth—is 
supposed to be borne from east to west. This movement is taken as the common 
measure of all movements, since we measure even time itself principally by the 
number of days. 

Next, we see other as it were antagonistic revolutions; 7.e., from west to east, 
on the part of the sun, moon, and the wandering stars. In this way the sun gives 
us the year, the moon the months—the most common periods of time; and each 
of the other five planets follows its own cycle. Nevertheless these movements are 

1The “orbital circle’ (orbis) is the great circle whereon the planet moves in its sphere 
(sphaera). Copernicus uses the word orbis which designates a circle primarily rather than a 


sphere because, while the sphere may be necessary for the mechanical explanation of the move- 
ment, only the circle is necessary for the mathematical. 
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manifoldly different from the first movement. First, in that they do not revolve 
around the same poles as the first movement but follow the oblique ecliptic; 
next, in that they do not seem to move in their circuit regularly. For the sun and 
moon are caught moving at times more slowly and at times more quickly. And 
we perceive the five wandering stars sometimes even to retrograde and to come 
to a stop between these two movements. And though the sun always proceeds 
straight ahead along its route, they wander in various ways, straying sometimes 
towards the south, and at other times towards the north—whence they are 
called “‘planets.’’ Add to this the fact that sometimes they are nearer the Earth 
—and are then said to be at their perigee—and at other times are farther away— 
and are said to be at their apogee. 

We must however confess that these movements are circular or are composed 
of many circular movements, in that they maintain these irregularities in ac- 
cordance with a constant law and with fixed periodic returns: and that could not 
take place, if they were not circular. For it is only the circle which can bring 
back what is past and over with; and in this way, for example, the sun by a 
movement composed of circular movements brings back to us the inequality of 
days and nights and the four seasons of the year. [3*] Many movements are rec- 
ognized in that movement, since it is impossible that a simple heavenly body 
should be moved irregularly by a single sphere. For that would have to take 
place either on account of the inconstancy of the motor virtue—whether by 
reason of an extrinsic cause or its intrinsic nature—or on account of the in- 
equality between it and the moved body. But since the mind shudders at either 
of these suppositions, and since it is quite unfitting to suppose that such a state 
of affairs exists among things which are established in the best system, it is 
agreed that their regular movements appear to us as irregular, whether on ac- 
count of their circles having different poles or even because the earth is not at 
the centre of the circles in which they revolve. And so for us watching from the 
Earth, it happens that the transits of the planets, on account of being at unequal 
distances from the Earth, appear greater when they are nearer than when they 
are farther away, as has been shown in optics: thus in the case of equal arcs of an 
orbital circle which are seen at different distances there will appear to be un- 
equal movements in equal times. For this reason I think it necessary above all 
that we should note carefully what the relation of the Earth to the heavens is, 
so as not—when we wish to scrutinize the highest things—to be ignorant of 
those which are nearest to us, and so as not—by the same error—to attribute to 
the celestial bodies what belongs to the Earth. 


5. Dors THE EARTH Have A CrRcULAR MoveEMENT? AND OF Its PLACE 


Now that it has been shown that the Earth too has the form of a globe, I 
think we must see whether or not a movement follows upon its form and what 
the place of the Earth is in the universe. For without doing that it will not be 
possible to find a sure reason for the movements appearing in the heavens. Al- 
though there are so many authorities for saying that the Earth rests in the centre 
of the world that people think the contrary supposition inopinable and even 
ridiculous; if however we consider the thing attentively, we will see that the 
question has not yet been decided and accordingly is by no means to be scorned. 
For every apparent change in place occurs on account of the movement either of 
the thing seen or of the spectator, or on account of the necessarily unequal move- 
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ment of both. For no movement is perceptible relatively to things moved equally 
in the same directions—I mean relatively to the thing seen and the spectator. 
Now it is from the Earth that the celestial circuit is beheld and presented to our 
sight. Therefore, if some movement should belong to the Earth [3°] it will ap- 
pear, in the parts of the universe which are outside, as the same movement but 
in the opposite direction, as though the things outside were passing over. And 
the daily revolution in especial is such a movement. For the daily revolution 
appears to carry the whole universe along, with the exception of the Earth and 
the things around it. And if you admit that the heavens possess none of this 
movement but that the Earth turns from west to east, you will find—if you 
make a serious examination—that as regards the apparent rising and setting of 
the sun, moon, and stars the case is so. And since it is the heavens which con- 
tain and embrace all things as the place common to the universe, it will not be 
clear at once why movement should not be assigned to the contained rather 
than to the container, to the thing placed rather than to the thing providing the 
place. 

Asa matter of fact, the Pythagoreans Herakleides and Ekphantus were of this 
opinion and so was Hicetas the Syracusan in Cicero; they made the Earth to 
revolve at the centre of the world. For they believed that the stars set by 
reason of the interposition of the Earth and that with cessation of that they rose 
again. Now upon this assumption there follow other things, and a no smaller 
problem concerning the place of the Earth, though it is taken for granted and 
believed by nearly all that the Earth is the centre of the world. For if anyone 
denies that the Earth occupies the midpoint or centre of the world yet does not 
admit that the distance [between the two] is great enough to be compared with 
[the distance to] the sphere of the fixed stars but is considerable and quite ap- 
parent in relation to the orbital circles of the sun and the planets; and if for 
that reason he thought that their movements appeared irregular because they 
are organized around a different centre from the centre of the Earth, he might 
perhaps be able to bring forward a perfectly sound reason for movement which 
appears irregular. For the fact that the wandering stars are seen to be some- 
times nearer the Earth and at other times farther away necessarily argues that 
the centre of the Earth is not the centre of their circles. It is not yet clear wheth- 
er the Earth draws near to them and moves away or they draw near to the 
Earth and move away 

And so it would not be very surprising if someone attributed some other move- 
ment to the earth in addition to the daily revolution. As a matter of fact, Philo- 
laus the Pythagorean—no ordinary mathematician, whom Plato’s biographers 
say Plato went to Italy for the sake of seeing—is supposed to have held that 
the Earth moved in a circle and wandered in some other movements and was 
one of the planets. 

Many however have believed that they could show by geometrical reasoning 
that the Earth is in the middle of the world; that it has the proportionality of 
a point in relation to the immensity of the heavens, occupies the central posi- 
tion, and for this reason is immovable, because, when the universe moves, the 
centre [4*] remains unmoved and the things which are closest to the centre are 
moved the most slowly. 


516 COPERNICUS 


6. On THE IMMENSITY OF THE HEAVENS IN RELATION TO THE 
MAGNITUDE OF THE EARTH 


It can be understood that this great mass which is the Earth is not compar- 
able with the magnitude of the heavens, from the fact that the boundary circles 
—for that is the translation of the Greek épitovres—cut the whole celestial 
sphere into two halves; for that could not take place if the magnitude of the 
Earth in comparison with the heavens, or its distance from the centre of the 
world, were considerable. For the circle bisecting a sphere goes through the 
centre of the sphere, and is the greatest circle which it is possible to circum- 
scribe. 

Now let the horizon be the circle ABCD, and let the Earth, where our point 
of view is, be EZ, the centre of the horizon by which the - 
visible stars are separated from those which are not 


visible. Now with a dioptra or horoscope or level placed at E . 


E, the beginning of Cancer is seen to rise at point C; and 
at the same moment the beginning of Capricorn appears to > xa] 
set at A. Therefore, since AC is in a straight line with 

the dioptra, it is clear that this line is a diameter of the © D 
ecliptic, because the six signs bound a semicircle, whose 

centre £ is the same as that of the horizon. But when a 

revolution has taken place and the beginning of Capri- 

corn arises at B, then the setting of Cancer will be visible at D, and BED will 
be a straight line and a diameter of the ecliptic. But it has already been seen 
that the line AEC is a diameter of the same circle; therefore, at their common 
section, point # will be their centre. So in this way the horizon always bisects 
the ecliptic, which is a great circle of the sphere. But on a sphere, if a circle 
bisects one of the great circles, then the circle bisecting 1s a great circle. There- 
fore the horizon is a great circle; and its centre is the same as that of the ecliptic, 
as far as appearance goes; although nevertheless the line passing through the 
centre of the Earth and the line touching to the surface are necessarily different; 
but on account of their immensity in comparison with the Earth they are like 
parallel lines, which on account of the great distance between the termini ap- 
pear to be one line, when the space contained between them [4°] is in no per- 
ceptible ratio to their length, as has been shown in optics. 

From this argument it is certainly clear enough that the heavens are immense 
in comparison with the Earth and present the aspect of an infinite magnitude, 
and that in the judgment of sense-perception the Earth is to the heavens as a 
point to a body and as a finite to.an infinite magnitude. But we see that noth- 
ing more than that has been shown, and it does not follow that the Earth must 
rest at the centre of the world. And we should be even more surprised if such a 
vast world should wheel completely around during the space of twenty-four 
hours rather than that its least part, the Earth, should. For saying that the 
centre is immovable and that those things which are closest to the centre are 
moved least does not argue that the Earth rests at the centre of the world. That 
is no different from saying that the heavens revolve but the poles are at rest and 
those things which are closest to the poles are moved least. In this way Cyno- 
sura [the pole star] is seen to move much more slowly than Aquila or Canicula 
because, being very near to the pole, it describes a smaller circle, since they are 
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all on a single sphere, the movement of which stops at its axis and which does 
not allow any of its parts to have movements which are equal to one another. 
And nevertheless the revolution of the whole brings them round in equal times 
but not over equal spaces. 

The argument which maintains that the Earth, as a part of the celestial 
sphere and as sharing in the same form and movement, moves very little be- 
cause very near to its centre advances to the following position: therefore the 
Earth will move, as being a body and not a centre, and will describe in the same 
time arcs similar to, but smaller than, the arcs of the celestical circle. It is 
clearer than daylight how false that is; for there would necessarily always be 
noon at one place and midnight at another, and so the daily risings and settings 
could not take place, since the movement of the whole and the part would be 
one and inseparable. 

But the ratio between things separated by diversity of nature is so entirely 
different that those which describe a smaller circle turn more quickly than those 
which describe a greater circle. In this way Saturn, the highest of the wandering 
stars, completes its revolution in thirty years, and the moon which is without 
doubt the closest to the Earth completes its circuit in a month, and finally the 
Earth itself will be considered to complete a circular movement in the space of a 
day and a night. So this same problem concerning the daily revolution comes up 
again. And also the question about the place of the Earth becomes even less 
certain on account of what was just said. For that demonstration proves nothing 
except that the heavens are of an indefinite magnitude with respect to the 
Earth. But it is not at all clear how far this immensity stretches out. On the con- 
trary, since the minimal and indivisible corpuscles, which are called atoms, are 
not perceptible to sense, they do not, when taken in twos or in some small num- 
ber, constitute a visible body; but they can be taken in such a large quantity 
that there will at last be enough to form a visible magnitude. So it is as regards 
the place of the earth; for although it is not at the centre of the world, neverthe- 
less the distance is as nothing, particularly in comparison with the sphere of the 
fixed stars. 


7. Wuy THE ANCIENTS THOUGHT THE FartH WAS AT REST AT THE 
MIDDLE OF THE WORLD AS ITs CENTRE 


[5°] Wherefore for other reasons the ancient philosophers have tried to affirm 
that the Earth is at rest at the middle of the world, and as principal cause they 
put forward heaviness and lightness. For Earth is the heaviest element; and all 
things of any weight are borne towards it and strive to move towards the very 
centre of it. 

For since the Earth is a globe towards which from every direction heavy 
things by their own nature are borne at right angles to its surface, the heavy 
things would fall on one another at the centre if they were not held back at the 
surface; since a straight line making right angles with a plane surface where it 
touches a sphere leads to the centre. And those things which are borne toward 
the centre seem to follow along in order to be at rest at the centre. All the more 
then will the Earth be at rest at the centre; and, as being the receptacle for fall- 
ing bodies, it will remain immovable because of its weight. 

They strive similarly to prove this by reason of movement and its nature. For 
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Aristotle says that the movement of a body which is one and simple is simple, 
and the simple movements are the rectilinear and the circular. And of rectilinear 
movements, one is upward, and the other is downward. As a consequence, every 
simple movement is either toward the centre, z.e., downward, or away from the 
centre, z.e., upward, or around the centre, 2.e., circular. Now it belongs to earth 
and water, which are considered heavy, to be borne downward, 7.e., to seek the 
centre: for air and fire, which are endowed with lightness, move upward, 7.e., 
away from the centre. It seems fitting to grant rectilinear movement to these 
four elements and to give the heavenly bodies a circular movement around the 
centre. So Aristotle. Therefore, said Ptolemy of Alexandria, if the Earth moved, 
even if only by its daily rotation, the contrary of what was said above would 
necessarily take place. For this movement which would traverse the total circuit 
of the Earth in twenty-four hours would necessarily be very headlong and of an 
unsurpassable velocity. Now things which are suddenly and violently whirled 
around are seen to be utterly unfitted for reuniting, and the more unified are 
seen to become dispersed, unless some constant force constrains them to stick 
together. And a long time ago, he says, the scattered Karth would have passed 
beyond the heavens, as is certainly ridiculous; [5°] and a fortiorz so would all 
the living creatures and all the other separate masses which could by no means 
remain unshaken. Moreover, freely falling bodies would not arrive at the places 
appointed them, and certainly not along the perpendicular line which they as- 
sume so quickly. And we would see clouds and other things floating in the air al- 
ways borne toward the west. 


8. ANSWER TO THE AFORESAID REASONS AND THEIR INADEQUACY 


For these and similar reasons they say that the Earth remains at rest at the 
middle of the world and that there is no doubt about this. But if someone opines 
that the Earth revolves, he will also say that the movement is natural and not 
violent. Now things which are according to nature produce effects contrary to 
those which are violent. For things to which force or violence is applied get 
broken up and are unable to subsist for a long time. But things which are caused 
by nature are in a right condition and are kept in their best organization. There- 
fore Ptolemy had no reason to fear that the Earth and all things on the Earth 
would be scattered in a revolution caused by the efficacy of nature, which is 
greatly different from that of art or from that which can result from the genius 
of man. But why didn’t he feel anxiety about the world instead, whose move- 
ment must necessarily be of greater velocity, the greater the heavens are than 
the Earth? Or have the heavens become so immense, because an unspeakably 
vehement motion has pulled thém away from the centre, and because the 
heavens would fall if they came to rest anywhere else? 

Surely if this reasoning were tenable, the magnitude of the heavens would ex- 
tend infinitely. For the farther the movement is borne upward by the vehement 
force, the faster will the movement be, on account of the ever-increasing cir- 
cumference which must be traversed every twenty-four hours: and conversely, 
the immensity of the sky would increase with the increase in movement. In this 
way, the velocity would make the magnitude increase infinitely, and the mag- 
nitude the velocity. And in accordance with the axiom of physics that that which 
is infinite cannot be traversed or moved in any way, then the heavens will neces- 
sarily come to rest. 
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But they say that beyond the heavens there isn’t any body or place or void 
or anything at all; and accordingly it is not possible for the heavens to move out- 
ward: in that case it is rather surprising that something can be held together by 
nothing. But if the heavens were infinite and were finite only with respect toe a 
hollow space inside, then it will be said with more truth that there is nothing 
outside the heavens, since anything [62] which occupied any space would be in 
them; but the heavens will remain immobile. For movement is the most power- 
ful reason wherewith they try to conclude that the universe is finite. 

But let us leave to the philosophers of nature the dispute as to whether the 
world is finite or infinite, and let us hold as certain that the Earth is held to- 
gether between its two poles and terminates in a spherical surface. Why there- 
fore should we hesitate any longer to grant to it the movement which accords 
naturally with its form, rather than put the whole world in a commotion—the 
world whose limits we do not and cannot know? And why not admit that the 
appearance of daily revolution belongs to the heavens but the reality belongs 
to the Earth? And things are as when Aeneas said in Virgil: ‘‘We sail out of the 
harbor, and the land and the cities move away.’’ As a matter of fact, when a 
ship floats on over a tranquil sea, all the things outside seem to the voyagers to 
be moving in a movement which is the image of their own, and they think on 
the contrary that they themselves and all the things with them are at rest. So 
it can easily happen in the case of the movement of the Earth that the whole 
world should be believed to be moving in a circle. Then what would we say 
about the clouds and the other things floating in the air or falling or rising up, 
except that not only the Earth and the watery element with which it is con- 
joined are moved in this way but also no small part of the air and whatever 
other things have a similar kinship with the Earth? whether because the neigh- 
bouring air, which is mixed with earthly and watery matter, obeys the same 
nature as the Earth or because the movement of the air is an acquired one, in 
which it participates without resistance on account of the contiguity and per- 
petual rotation of the Earth. Conversely, it is no less astonishing for them to 
say that the highest region of the air follows the celestial movement, as is shown 
by those stars which appear suddenly—I mean those called ‘‘comets”’ or ‘‘beard- 
ed stars’”’ by the Greeks. For that place is assigned for their generation; and like 
all the other stars they rise and set. We can say that that part of the air is de- 
prived of terrestrial motion on account of its great distance from the Earth. 
Hence the air which is nearest to the Earth and the things floating in it will 
appear tranquil, unless they are driven to and fro by the wind or some other 
force, as happens. For how is the wind in the air different from a current in the 
sea? 

But we must confess that in comparison with the world the movement of 
falling and of rising bodies is twofold and is in general compounded of the recti- 
linear and the circular. As regards things which move downward on account 
of their weight [6>] because they have very much earth in them, doubtless 
their parts possess the same nature as the whole, and it is for the same reason 
that fiery bodies are drawn upward with force. For even this earthly fire feeds 
principally on earthly matter; and they define flame as glowing smoke. Now it 
is a property of fire to make that which it invades to expand; and it does this 
with such force that it can be stopped by no means or contrivance from breaking 
prison and completing its job. Now expanding movement moves away from the 
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centre to the circumference; and so if some part of the Earth caught on fire, it 
would be borne away from the centre and upward. Accordingly, as they say, 
a simple body possesses a simple movement—this is first verified in the case of 
circular movement—as long as the simple body remain in its unity in its natural 
place. In this place, in fact, its movement is none other than the circular, which 
remains entirely in itself, as though at rest. Rectilinear movement, however, is 
added to those bodies which journey away from their natural place or are shov- 
ed out of it or are outside it somehow. But nothing is more repugnant to the 
order of the whole and to the form of the world than for anything to be outside 
of its place. Therefore rectilinear movement belongs only to bodies which are 
not in the right condition and are not perfectly conformed to their nature— 
when they are separated from their whole and abandon its unity. Furthermore, 
bodies which are moved upward or downward do not possess a simple, uniform, 
and regular movement—even without taking into account circular movement. 
For they cannot be in equilibrium with their lightness or their force of weight. 
And those which fall downward possess a slow movement at the beginning but 
increase their velocity as they fall. And conversely we note that this earthly 
fire—and we have experience of no other—when carried high up immediately 
dies down, as if through the acknowledged agency of the violence of earthly 
matter. 

Now circular movement always goes on regularly, for it has an unfailing 
cause; but [in rectilinear movement] the acceleration stops, because, when the 
bodies have reached their own place, they are no longer heavy or light, and so 
the movement ends. Therefore, since circular movement belongs to wholes and 
rectilinear to parts, we can say that the circular movement stands with the recti- 
linear, as does animal with sick. And the fact that Aristotle divided simple 
movement into three genera: away from the centre, toward the centre, and 
around the centre, will be considered merely as an act of reason, just as we dis- 
tinguish between line, point, and surface, though none of them can subsist with- 
out the others or [7#] without body. 

In addition, there is the fact that the state of immobility is regarded as more 
noble and godlike than that of change and instability, which for that reason 
should belong to the Earth rather than to the world. I add that it seems rather 
absurd to ascribe movement to the container or to that which provides the place 
and not rather to that which is sontained and has a place, 7.e., the Earth. And 
lastly, since it is clear that the wandering stars are sometimes nearer and some- 
times farther away from the Earth, then the movement of one and the same 
body around the centre—and they mean the centre of the Earth—will be both 
away from the centre and toward the centre. Therefore it is necessary that 
movement around the centre should be taken more generally; and it should be 
enough if each movement is in accord with its own centre. You see therefore that 
for all these reasons it is more probably that the Earth moves than that it is at 
rest—especially in the case of the daily revolution, as it is the Earth’s very own. 
And I think that is enough as regards the first part of the question. 


9. WHETHER Many Movements Can BE ATTRIBUTED TO THE EARTH, 
AND CONCERNING THE CENTRE OF THE WORLD 


Therefore, since nothing hinders the mobility of the Earth, I think we should 
now see whether more than one movement belongs to it, so that it can be re- 


EEE 


REVOLUTIONS OF HEAVENLY SPHERES, I 521 


garded as one of the wandering stars. For the apparent irregular movement of 
the planets and their variable distances from the Earth—which cannot be un- 
derstood as occurring in circles homocentric with the Earth—make it clear that 
the Earth is not the centre of their circular movements. Therefore, since there 
are many centres, it is not foolhardy to doubt whether the centre of gravity of 
the Earth rather than some other is the centre of the world. I myself think that 
gravity or heaviness is nothing except a certain natural appetency implanted in 
the parts by the divine providence of the universal Artisan, in order that they 
should unite with one another in their oneness and wholeness and come together 
in the form of a globe. It is believable that this affect is present in the sun, 
moon, and the other bright planets and that through its efficacy they remain in 
the spherical figure in which they are visible, though they nevertheless accom- 
plish their circular movements in many different ways. Therefore if the Earth 
too possesses movements different from the one around its centre, then they will 
necessarily be movements which similarly appear on the outside in the many 
bodies; and we find the yearly revolution among these movements. For if the 
annual revolution were changed from being solar to being terrestrial, and im- 
mobility were granted to the sun, [7] the risings and settings of the signs and of 
the fixed stars—whereby they become morning or evening stars—will appear in 
the same way; and it will be seen that the stoppings, retrogressions, and pro- 
gressions of the wandering stars are not their own, but are a movement of the 
Earth and that they borrow the appearances of this movement. Lastly, the sun 
will be regarded as occupying the centre of the world. And the ratio of order in 
which these bodies succeed one another and the harmony of the whole world 
teaches us their truth, if only—as they say—we would look at the thing with 
both eyes. 


10. ON THE ORDER OF THE CELESTIAL ORBITAL CIRCLES 


I know of no one who doubts that the heavens of the fixed stars is the highest 
up of all visible things. We see that the ancient philosophers wished to take the 
order of the planets according to the magnitude of their revolutions, for the 
reason that among things which are moved with equal speed those which are 
the more distant seem to be borne along more slowly, as Euclid proves in his 
Optics. And so they think that the moon traverses its circle in the shortest period 
of time, because being next to the Earth, it revolves in the smallest circle. But 
they think that Saturn, which completes the longest circuit in the longest period 
of time, is the highest. Beneath Saturn, Jupiter. After Jupiter, Mars. 

There are different opinions about Venus and Mercury, in that they do not 
have the full range of angular elongations from the sun that the others do!. 
Wherefore some place them above the sun, as Timaeus does in Plato; some, be- 
neath the sun, as Ptolemy and a good many moderns. Alpetragius makes Venus 
higher than the sun and Mercury lower. Accordingly, as the followers of Plato 
suppose that all the planets—which are otherwise dark bodies—shine with light 
received from the sun, they think that if the planets were below the sun, they 
would on account of their slight distance from the sun be viewed as only half— 
or at any rate as only partly—spherical. For the light which they receive is re- 


1The greatest angular elongation of Venus from the sun is approximately 45°; that of Mer- 
cury, approximately 24°; while Saturn, Jupiter, and Mars have the full range of possible an- 
gular elongation, 7.e., up to 180°. 
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flected by them upward for the most part, 7.e., towards the sun, as we see in the 
case of the new moon or the old. Moreover, they say that necessarily the sun 
would sometimes be obscured through their interposition and that its light 
would be eclipsed in proportion to their magnitude; and as that has never ap- 
peared to take place, they think that these planets cannot by any means be be- 
low the sun}. 

On the contrary, those who place Venus and Mercury below the sun claim as 
a reason the amplitude of the space which they find between the sun and the 
moon. [8?] For they find that the greatest distance between the Earth and the 
moon, 2.e., 641 units, whereof the radius of the Earth is one, is contained almost 
18 times in the least distance between the sun and the Earth. This distance is 
1160 such units, and therefore the distance between the sun and the moon is 
1096 such units. And then, in order for such a vast space not to remain empty, 
they find that the intervals between the perigees and apogees—according to 
which they reason out the thickness of the spheres?—add up to approximately 
the same sum: in such fashion that the apogee of the moon may be succeeded by 
the perigee of Mercury, that the apogee of Mercury may be followed by the 
perigee of Venus, and that finally the apogee of Venus may nearly touch the 
perigee of the sun. In fact they calculate that the interval between the perigee 
and the apogee of Mercury contains approximately 17714 of the aforesaid units 
and that the ramaining space is nearly filled by the 910 units of the interval be- 
tween the perigee and apogee of Venus’. Therefore they do not admit that these 
planets have a certain opacity, like that of the moon; but that they shine either 
by their own proper light or because their entire bodies are impregnated with 
sunlight, and that accordingly they do not obscure the sun, because it 1s an ex- 
tremely rare occurrence for them to be interposed between our sight and the 
sun, as they usually withdraw [from the sun] latitudinally. In addition, there is 
the fact that they are small bodies in comparison with the sun, since Venus even 

1The transit of Venus across the face of the sun was first observed— 
by means of a telescope—in 1639. 

2That is to say, the thickness of the sphere would measured by the 
ratio of the diameter of the epicycle to the diameter of the sphere, or, in 
the accompanying diagram, by the distance between the inmost and the 
outmost of the three homocentric circles. 

3’The succession of the orbital circles according to their perigees and 


apogees may be represented in the following diagram, which has been 
drawn to scale. 
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though larger than Mercury can cover scarcely one one-hundredth part of the 
sun, as al-Battani the Harranite maintains, who holds that the diameter of the 
sun is ten times greater, and therefore it would not be easy to see such a little 
speck in the midst of such beaming light. Averroes, however, in his paraphrase 
of Ptolemy records having seen something blackish, when he observed the con- 
junction of the sun and Mercury which he had computed. And so they judge 
that these two planets move below the solar circle. 

But how uncertain and shaky this reasoning is, is clear from the fact that 
though the shortest distance of the moon is 38 units whereof the radius of the 
Karth is one unit—according to Ptolemy, but more than 49 such units by a truer 
evaluation, as will be shown below—nevertheless we do not know that this great 
space contains anything except air, or if you prefer, what they call the fiery 
element. 

Moreover, there is the fact that the diameter of the epicycle of Venus—by 
reason of which Venus has an angular digression of approximately 45° on either 
side of the sun—would have to be six times greater than the distance from the 
centre of the Earth to its perigee, as will be shown in the proper place!. Then 
what will they say is contained in all this apace, which [8>] is so great as to take 
in the Earth, air, ether, moon and Mercury, and which moreover the vast epi- 
cycle of Venus would occupy if it revolved around an immobile Earth? 

Furthermore, how unconvincing is Ptolemy’s argument that the sun must 
occupy the middle position between those planets which have the full range of 
angular elongation from the sun and those which do not is clear from the fact 
that the moon’s full range of angular elongation proves its falsity. 

But what cause will those who place Venus below the sun, and Mercury next, 
or separate them in some other order—what cause will they allege why these 
planets do not also make longitudinal circuits separate and independent of 
the sun, like the other planets*—if indeed the ratio of speed or slowness does not 
falsify their order? Therefore it will be necessary either for the Earth not to be 
the centre to which the order of the planets and their orbital circles is referred, 
or for there to be no sure reason for their order and for it not to be apparent why 
the highest place is due to Saturn rather than to Jupiter or some other planet. 
Wherefore I judge that what Martianus Capella—who wrote the Encyclopedia 
—and some other Latins took to be the case is by no means to be despised. For 
they hold that Venus and Mercury circle around the sun as a centre; and they 
hold that for this reason Venus and Mercury do not have any farther elongation 


1According to Ptolemy, the ratio of the radius of Venus’ epicycle to the radius of its eccen- 
tric is between 2 to 3 and 8 to 4, or approximately 431¢ to 60. Now since at perigee the epi- 
cycle subtracts from the mean distance, or radius of the eccentric circle, that which at apogee 
it adds to the mean distance, the ratio of Venus’ distance at perigee to its distance at apogee is 
approximately 1 to 6. That is to say, in the passage from apogee to perigee, the ratio of in- 
crease in the apparent magnitude of the planet should be approximately 36 to 1, as the ap- 
parent magnitude varies inversely in the ratio of the square of the distance. But no such 
increase in the magnitude of the planet is apparent. This opposition between an appearance 
and the consequences of an hypothesis made to save another appearance is still present 
within Copernicus’ own scheme. 


*Ptolemy makes the centres of the epicycles of Venus and Mercury travel around the Earth 
longitudinally at the same rate as the mean sun, and in such fashion that the mean sun is al- 
ways on the straight line extending from the centre of the Earth through the centres of their 
epicycles, while the centres of the epicycles of the upper planets may be at any angular dis- 
tance from the mean sun. 
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from the sun than the convexity of their orbital circles permits; for they do 
not make a circle around the earth as do the others, but have perigee and apo- 
gee interchangeable [in the sphere of the fixed stars]. Now what do they mean 
except that the centre of their spheres is around the sun? Thus the orbital circle 
of Mercury will be enclosed within the orbital circle of Venus— which would 
have to be more than twice as large—and will find adequate room for itself 
within that amplitude!. Therefore if anyone should take this as an occasion to 
refer Saturn, Jupiter, and Mars also to this same centre, provided he under- 
stands the magnitude of those orbital circles to be such as to comprehend and 
encircle the Earth remaining within them, he would not be in error, as the table 
of ratios of their movements makes clear?. For it is manifest that the planets 
are always nearer the Earth at the time of their evening rising, 7.e., when they 
are opposite to the sun and the Earth is in the middle between them and the 
sun. But they are farthest away from the Earth at the time of their evening 
setting, 7.e., when they are occulted in the neighbourhood of the sun, namely, 
when we have the sun between them and the Earth. All that shows clearly 
enough that their centre is more directly related to the sun and is the same as 


1As in the following diagram which has 
been drawn to scale. 


2Take the case of Mars. In Ptolemy, the 
ratio of its epicycle to its eccentric is 3914 to 
60, or approximately 2 to 3. Mars has 37 cycles 
of anomaly, or movement on the epicycle, and 
42 cycles of longitude, or movement of the 
epicycle on the eccentric, in 79 solar years; or 
for the sake of easiness let us say that the ratio 
of the sun’s movement to either of the planets’ two movements is 2 to 1. Copernicus is here 
suggesting that if the centre of the planet’s movement is placed around the moving sun, 
then the Ptolemaic cycles of anomaly will represent the number of times the sun has over- 
taken the planet in longitude: thus the 37 cycles of anomaly plus the 42 cycles of longi- 
tude add up to the 79 solar revolutions. That is to say, the sun will now be traveling around 
the Earth on a circle which has the same relative magnitude as the Martian epicycle in 
Ptolemy and bears an epicycle having the same relative magnitude as Ptolemy’s Martian 
eccentric circle, on which epicycle Mars travels in the opposite direction at half the speed 
of the sun. Under both hypotheses the appearances from the Earth will be the same, as can 
be seen in the following diagrams. 


For according to the Ptolemaic hypothesis, let the Earth be at the center of the approxi- 
mately homocentric circles of the sun, Mars, and the ecliptic. Let the radius of the planet’s 
epicycle be to the radius of the planet’s eccentric as 2 to 3. Now, first, let the sun be viewed 
at the beginning of Leo, and let the planet at the perigee of its epicycle be viewed at the be- 
ginning of Aquarius, in opposition to the sun. Next, let the sun move 240° eastwards, to the 
beginning of Aries; and during the same interval let the epicycle move 120° eastwards, to 
the beginning of Gemini, and the planet 120° eastwards on the epicycle. Now the planet will 
be found to appear in Taurus, about 36° west of the sun. 


But if according to the semi-Copernican hypothesis, the sun is made to revolve around 
the Earth on a circle having the same relative magnitude as Mars’ Ptolemaic epicycle, while 
Mars is placed on an epicycle which has the same relative magnitude as its Ptolemaic ec- 
centric and has its centre at the sun; and if the apparent positions of Mars and the sun are 
first the same as before, and the sun moves 240° eastwards, bearing along the deferent of 
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that to which Venus and Mercury refer their revolutions!. But as they all have 
one common centre, it is necessary that the space left between the convex orbi- 
tal circle of Venus and the concave orbital circle of Mars should be viewed as an 
orbital circle [9*] or sphere homocentric with them in respect to both surfaces, 
and that it should receive the Earth and its satellite the moon and whatever is 
contained beneath the lunar globe. For we can by no means separate the moon 
from the Earth, as the moon is incontestably very near to the Earth—especially 
since we find in this expanse a place for the moon which is proper enough and 
sufficiently large. Therefore we are not ashamed to maintain that this totality— 
which the moon embraces—and the centre of the Earth too traverse that great 
orbital circle among the other wandering stars in an annual revolution around 
the sun; and that the centre of the world is around the sun. I also say that the 
sun remains forever immobile and that whatever apparent movement belongs 
to it can be verified of the mobility of the Earth; that the magnitude of the 
world is such that, although the distance from the sun to the Earth in relation 


1Copernicus is asking what reason 
there is why the planets are always 
found to be at their apogees at the aaa 
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Conjunction Opposition at their perigees at the time of opposi- 
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ACCORDING TO PTOLEMY tion, since according to the Ptolemaic REE obs hic MetCOPeRN Bue 


scheme the reverse is also possible—as 
is evident from the accompanying dia- 
gram. 
But if the sun and not the Earth is the centre of the planet’s movements, the reason is 
obvious. 


Mars, while Mars moves 120° westwards on its epicycle; then Mars will once more be 
found to appear in Taurus, approximately 36° west of the sun. 


FAX OLEMAIC™“HYPOTHESTS SEMI-COPERNICAN HYPOTHESIS 


Movement of Sun=240° Movement of Sun=240° 
Movement of Eccentric=120° Movement of Mars=120° 
Movement of Epicycle=120° 
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to whatsoever planetary sphere you please possesses magnitude which is suffici- 
ently manifest in proportion to these dimensions, this distance, as compared 
with the sphere of the fixed stars, is imperceptible. I find it much more easy to 
grant that than to unhinge the understanding by an almost infinite multitude of 
spheres—as those who keep the earth at the centre of the world are forced to 
do. But we should rather follow the wisdom of nature, which, as it takes very 
great care not to have produced anything superfluous or useless, often prefers 
to endow one thing with many effects. And though all these things are difficult, 
almost inconceivable, and quite contrary to the opinion of the multitude, never- 
theless in what follows we will with God’s help make them clearer than day— 
at least for those who are not ignorant of the art of mathematics. 

Therefore if the first law is still safe—for no one will bring forward a better 
one than that the mag- 
nitude of the orbital 
circles should be meas- 
ured by the magnitude 
of time—then the or- 
der of the spheres will 
follow in this way— 
beginning with the 
highest: the first and 
highest of all is the 
sphere of the fixed 
stars, which compre- 
hends itself and all 
things, and is accord- 
ingly immovable. In 
fact it is the place of 
the universe, 7.e., it is 
that to which the 
movement and posi- 
tion of all the other 
stars are referred. For 
in the deduction of 
terrestrial movement, 
we will however give 
the cause why there 
are appearances such 
as to make people believe that even the sphere of the fixed stars somehow moves. 
Saturn, the first of the wandering stars follows; it completes its circuit in 30 
years. After it comes Jupiter moving in a 12-year period of revolution. Then 
Mars, which completes a revolution every 2 years. The place fourth in order is 
occupied by the annual revolution [95] in which we said the Earth together 
with the orbital circle of the moon as an epicycle is comprehended. In the fifth 
place, Venus, which completes its revolution in 714 months. The sixth and final 
place is occupied by Mercury, which completes its revolution in a period of 88 
days’. In the center of all rests the sun. For who would place this lamp of a very 


1In order to see how Copernicus derived the length of his periods of revolution, consider the 
following Ptolemaic ratios for the lower planets: 
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beautiful temple in another or better place than this wherefrom it can illumi- 
nate everything at the same time? As a matter of fact, not unhappily do some 
call it the lantern; others, the mind and still others, the pilot of the world. 
Trismegistus calls it a “visible god’”’; Sophocles’ Electra, ‘that which gazes up- 


Cycles of Cycles of Solar 


anomaly longitude years 
Mercury 145 46+ 46+ 
Venus 5) 8— 8— 


It is noteworthy that the number of cycles of longitude in one year is equal to the number 
of sclar cycles. Moreover, the two planets have a limited angular elongation from the sun. In 
order to explain these two peculiar appearances Copernicus sets the Earth in motion on the 
circumference of a circle which encloses the orbits of Venus and Mercury, with the sun at the 
centre of all three orbits. Thus the planet’s cycles of anomaly in so many years become the 
number of times the planet has overtaken the Earth, as they revolve around the sun. That is 
to say, in so many solar years the planet will have traveled around the sun a number of times 
which is equal to the sum of its cycles of anomaly and its cycles in longitude. Thus, for 
example, Venus travels around the sun approximately 13 times in 8 solar years; hence its 
period of revolution is approximately 714 months; and similarly, that of Mercury is approx- 
imately 88 days—although for some obscure reason Copernicus actually writes down 9 
months for Venus (nono mense reducitur) and 80 days for Mercury (octaginta dierum spatio 
circumcurrens). 

The reader may intuit from the following diagrams the equipollence, with respect to 
the appearances, of the Ptolemaic and the Copernican explanations of the movement of 
Venus. 

Now, on Ptolemy’s hypothesis, let the 
Earth be placed at the centre of the ecliptic 

COPERNICAN HYPOTHESIS the solar circle, and the orbital circle of Venus, 
which carries the planetary epicycle. The ra- 
dius of the epicycle is to that of the orbital 
circle approximately as 3 is to 4. First let the 
sun be situated at the middle of Scorpio, and 
let Venus be in conjunction with the sun and 
at the perigee of its epicycle. Next let the sun 
move 180° eastwards to the middle of Taurus, 
and similarly the centre of the epicycle; during 
this same interval the planet will move 11214° 
eastwards on its epicycle and will be found to 
appear in the middle of Aries approximately, 
or 30° west of the sun. 

But according to the Copernican hypothe- 
sis, let us place the sun at the centre of the 
orbital circles of Venus and the Earth, which 
preserve the relative magnitudes of the Ptole- 
maic epicycle and orbital circle of Venus, but 
let us keep the Earth at the centre of the eclip- 
tic, as far as appearances go, since the distance 
between the Earth and the sun is imper- 
ceptible in comparison with the magnitude of 
the sphere of the fixed stars. Now if the Earth 
is placed in the middle of Taurus, as viewed 
from the sun, and the planet at its perigee be- 
tween the Earth and the sun, in such fashion 
that Venus and the sun would appear in the 
middle of Scorpio, while Venus moves east- 


Movement of Earth=180° wards 29214°, then the sun will be found to 
Movement of Venus=292)/2° appear in the middle of Taurus, and the planet 


itself in middle of Aries or 30° west of the sun. 


528 COPERNICUS 


on all things.’’ And so the sun, as if resting on a kingly throne, governs the fam- 
ily of stars which wheel around. Moreover, the Earth is by no means cheated 
of the services of the moon; but, as Aristotle says in the De Animalibus, the 
earth has the closest kinship with the moon. The Earth moreover is fertilized 
by the sun and conceives offspring every year. 

Therefore in this ordering we find [10] that the world has a wonderful com- 
mensurability and that there is a sure bond of harmony for the movement and 
magnitude of the orbital circles such as cannot be found in any other way!. For 
now the careful observer can note why progression and retrogradation appear 
greater in Jupiter than in Saturn and smaller than in Mars; and in turn greater 


1Let us recall the Ptolemaic ratios between the radius of the epicycle and that of the ec- 
centric circle, and also the eccentricity. 


Epicycle Eccentric Eccentricity 
Mercury 224% 60 3 
Venus 43% 60 14 
Mars 3914 60 6 
Jupiter 11% 60 2% 
Saturn 614 60 314 


By the Ptolemaic scheme it is impossible to compute the magnitudes of the eccentric circles 
themselves relative to one another, as there is no common measure. But now that the ec- 
centric circles of Mercury and Venus and the epicycles of Mars, Jupiter, and Saturn have all 
been reduced to the orbital circle of the Earth, it is easy to calculate the relative magnitudes 
of the orbital circles—heretofore the epicycles of the lower planets and the eccentric circles of 
the upper—since, by reason of the necessary commensurability between epicycle and eccen- 
tric, they are all commensurable with the orbital circle of the Earth. Thus, for example, if we 
take the distance from the Earth to the sun as 1, the planets will observe the following ap- 
proximate distances from the sun. 


Mercury 44 Earth 1 Jupiter 5 
Venus % Mars 1144 Saturn 9 


But let us turn to the three upper planets. 


Cycles of Cycles of - Solar 

anomaly longitude years 
Mars 37 42+ 79 
Jupiter 65 6— 71— 
Saturn 5d 2+ 59— 


It is here noteworthy that according to the Ptolemaic hypothesis the sum of the revolutions 
of the eccentric circle and the revolutions in anomaly is equal to the number of solar cycles; 
and also that, the conjunctions with the sun take place at the planet’s apogee, and the oppo- 
sitions at its perigee. But according to Copernicus the Ptolemaic cycles of anomaly will now 
represent the number of times the Earth has overtaken the planet; and the period of revolu- 
tion in longitude will stay the same. Thus, for example, Saturn will have two revolutions in 
longitude in 59 years, or one revolution around the sun in about 30 years. The planet will be 
revolving directly on its eccentric circle instead of on its Ptolemaic epicycle, and the Earth 
will now be revolving on an inner circle which has the same relative magnitude as the former 
epicycle. The two hypotheses, of course, are equipollent here too, with respect to appearances. 

In other words, in constructing a theory to account for four coincidences which were left 
unexplained by Ptolemy, namely, (1) the equality between the number of cycles in longitude 
and the solar cycles, in the two lower planets; (2) the equality between the solar cycles and the 
sum of the cycles of anomaly and longitude, in the upper planets; (3) the limited angular di- 
gressions of Mercury and Venus away from the sun; and (4) the apogeal conjunctions and 
perigeal oppositions of Saturn, Jupiter, and Mars; Copernicus has telescoped the eccentric 
circle of Venus and that of Mercury into one circle carrying the Earth; and he has furthermore 
collapsed the three epicycles of Saturn, Jupiter, and Mars into this same one circle. That is to 
say, one circle is now doing the work of five. 
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in Venus than in Mercury!. And why these reciprocal events appear more often 
in Saturn than in Jupiter, and even less often in Mars and Venus than in Mer- 
cury’. In addition, why when Saturn, Jupiter, and Mars are in opposition [to 
the mean position of the sun] they are nearer to the Earth than at the time 
of their occultation and their reappearance. And especially why at the times 
when Mars is in opposition to the sun, it seems to equal Jupiter in magnitude 
and to be distinguished from Jupiter only by a reddish color, but when dis- 
covered through careful observation by means of a sextant is found with 
difficulty among the stars of second magnitude’? All these things proceed from 
the same cause, which resides in the movement of the Earth. 

But that there are no such appearances among the fixed stars argues that 
they are at an immense height away, which makes the circle of annual 
movement or its image disappear from before our eyes since every visible 
thing has a certain distance beyond which it is no longer seen, as is shown 
in optics. For the brilliance of their lights shows that there is a very great dis- 
tance between Saturn the highest of the planets and the sphere of the fixed stars. 
It is by this mark in particular that they are distinguished from the planets, as 
it is proper to have the greatest difference between 
the moved and the unmoved. How exceedingly fine 
is the godlike work of the Best and Greatest Artist! 


11. A DEMONSTRATION OF THE THREEFOLD 
MOVEMENT OF THE EARTH 
Therefore since so much and such great testi- 
mony on the part of the planets is consonant with 
the mobility of the Earth, we shall now give a 
summary of its movement, insofar as the appear- 


1Tn the three upper planets, the angles which measure the 
apparent progression and retrogradation have as their ver- 
tex the centre of the planet and as their sides the tangents 
drawn to the orbital circle of the Earth. In the two lower 
planets, however, the vertex of the angle is at the centre of 
the Earth and the sides are the tangents drawn to the or- 
bital circle of the planet. It is easy to see that, on account of 
the relative magnitudes of the orbital circles, the arcs of 
progression and retrogradation will appear smaller in 
Saturn than in Jupiter, and smaller in Jupiter than in Mars, 
and greater in Venus than in Mercury. 

*The interchanges of progression and retrogradation are 
proportional to the number of times the Earth overtakes 
the outer planets and the inner planets overtake the Earth. 
Now the Earth overtakes Saturn more often than J upiter, 
Jupiter more often than Mars, Mars more often than over- 
taken by Venus, and overtaken less often by Venus than by 
Mercury. Hence the frequency of progression and retro- 
gradation is in that order. 

sAccording to the Ptolemaic scheme, it can be inferred 
only from the changes in magnitude of the planet Mars 
what its relative distances from the Earth are at perigee 
and apogee. But according to the Copernican scheme, it 
follows from the relative distances of the planet at perigee 
and at apogee—which are as 1 to 5— that the apparent di- 
ameter of the planet should vary inversely in that ratio— 
assuming that the planet could be seen when in conjunction 
with the sun. 
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ances can be shown forth by its movement as by an hypothesis. We must al- 
low a threefold movement altogether. 

The first—which we said the Greeks called vuxOnyépivos— is the proper cir- 
cuit of day and night, which goes around the axis of the earth from west to east 
—as the world is held to move in the opposite direction—and describes the equa- 
tor or the equinoctial circle—which some, imitating the Greek expression [10°] 
ionépivos, call the equidial. 

The second is the annual movement of the centre, which describes the circle 
of the [zodiacal] signs around the sun similarly from west to east, 7.e., towards 
the signs which follow [from Aries to Taurus] and moves along between Venus 
and Mars, as we said, together with the bodies accompanying it. So it happens 
that the sun itself seems to traverse the ecliptic with a similar movement. In this 
way, for example, when the centre of the Earth is traversing Capricorn, the sun 
seems to be crossing Cancer; and when Aquarius, Leo, and so on, as we were 
saying. 

It has to be understood that the equator and the axis of the Earth have a 
variable inclination with the circle and the plane of the ecliptic. For if they re- 
mained fixed and only followed the movement of the centre simply, no inequal- 
ity of days and nights would be apparent, but it would always be the summer 
solstice or the winter solstice or the equinox, or summer or winter, or some other 
season of the year always remaining the same. There follows then the third 
movement, which is the declination: it is also an annual revolution but one 
towards the signs which precede [from Aries to Pisces], or westwards, 7.e., turn- 
ing back counter to the movement of the centre; and as a consequence of these 
two movements which are nearly equal to one another but in opposite direc- 
tions, it follows that the axis of the Earth and the greatest of the parallel circles 

on it, the equator, always look towards approximately the same quarter of the 
ON just as if they remained immobile. The sun in the meanwhile is seen to 
move along the oblique ec- 
liptic with that movement 
with which the centre of the 
earth moves, just as if the 
centre of the earth were the 
centre of the world—provid- 
ed you remember that the 
distance between thesun and 
the earth in comparison with 
the sphere of the fixed stars 
is imperceptible to us. 

Since these things aresuch 
that they need to be pre- 
sented to sight rather than 
merely to be talked about, 
let us draw the circle ABCD, 
which will represent the an- 
nual circuit of the centre of 
the earth in the plane of the 
ecliptic, and let # be the sun 
around its centre. I will cut 
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this circle into four equal parts by means of the diameters AEC and BED. Let 
the point A be the beginning of Cancer; B of Libra; E of Capricorn; and D of 
Aries. Now let us put the centre of the earth first at A, around which we shall 
describe the terrestrial equator FGHJ, but not in the same plane [as the ecliptic] 
except that the diameter GAJ is the common section of the circles, 7.e., of the e- 
quator and the ecliptic. Also let the diameter FAH be drawn at right angles to 
GAIT; and let F be the limit of the greatest southward declination [of the equa- 
tor], and H of the northward declination. With this set-up, the Earth-dweller 
will see the sun—which is at the centre H—at the point of the winter solstice in 
Capricorn—[11*] which is caused by the greatest northward declination at H 
being turned toward the sun; since the inclination of the equator with respect to 
line AE describes by means of the daily revolution the winter tropic, which is 
parallel to the equator at the distance comprehended by the angle of inclination 
EAH. Now let the centre of the Earth proceed from west to east; and let F, the 
limit of greatest declination, have just as great a movement from east to west, 
until at B both of them have traversed quadrants of circles. Meanwhile, on ac- 
count of the equality of the revolutions, angle EAT will always remain equal to 
angle AEB; the diameters will always stay parallel to one another—FAH to 
FBH and GAI to GBI; and the equator will remain parallel to the equator. And 
by reason of the cause spoken of many times already, these lines will appear in 
the immensity of the sky as the same. Therefore from the point B the beginning 
of Libra, Z will appear to be in Aries, and the common section of the two circles 
[of the ecliptic and the equator] will fall upon line GBJE, in respect to which the 
daily revolution has no declination; but every declination will be on one side 
or the other of this line. And so the sun will be soon in the spring equinox. Let 
the centre of the Earth advance under the same conditions; and when it has 
completed [11] a semicircle at C, the sun will appear to be entering Cancer. But 
since F the southward declination of the equator is now turned toward the sun, 
the result is that the sun is seen in the north, traversing the summer tropic in 
accordance with angle of inclination ECF. Again, when F moves on through the 
third quadrant of the circle, the common section GJ will fall on line HD; whence 
the sun, seen in Libra, will appear to have reached the autumn equinox. But 
then as, in the same progressive movement, HF gradually turns in the direction 
of the sun, it will make the situation at the beginning return, which was our 
point of departure. 

In another way: Again in the underlying plane let AEC be both the diameter 
[of the ecliptic] 
and its common 
| section with the 
circle perpendic- 
ular to its plane. 
In this circle let 
DGFT, the meri- 

K F dian passing 
through the poles 
of the Earth be 

described around A and C, in turn, 7.e., in Cancer and in Capricorn. And let 
the axis of the Earth be DF, the north pole D, the south pole F, and GI the di- 
ameter of the equator. Therefore when F is turned in the direction of the sun, 
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which is at E, and the inclination of the equator is northward in proportion to 
angle JAH, then the movement around the axis will describe—with the diam- 
eter KL and at the distance LJ—parallel to the equator the southern circle, 
which appears with respect to the sun as the tropic of Capricorn. Or—to speak 
more correctly—this movement around the axis describes, in the direction of 
AE, a conic surface, which has the centre of the earth as its vertex and a circle 
parallel to the equator as its base!. Moreover in the opposite sign, C, the same 
things take place but conversely. Therefore it is clear how the two mutually 
opposing movements, 7.e., that of the centre and that of the inclination, force 
the axis of the Earth to remain balanced in the same way and to keep a similar 
position, and how they make all things appear as if they were movements of the 
sun. 

Now we said that the yearly revolutions of the centre and of the declination 
were approximately equal, because if they were exactly so, then the points of 
equinox and solstice and the obliquity of the ecliptic in relation to the sphere of 
the fixed stars could not change at all. But as the difference is very slight, [12>] 
it is not revealed except as it increases with time: as a matter of fact, from the 
time of Ptolemy to ours there has been a precession of the equinoxes and sol- 
stices of about 21°. For that reason some have believed that the sphere of the 
fixed stars was moving, and so they choose a ninth higher sphere. And when 
that was not enough, the moderns added a tenth, but without attaining the 
end which we hope we shall attain by means of the movement of the Earth. 
We shall use this movement as a principle and a hypothesis in demonstrating 
other things. 


12. ON THE STRAIGHT LINES IN A CIRCLE 


Because the proofs which we shall use in almost the entire work deal with 
straight lines and arcs, with plane and spherical triangles, and because Euclid’s 
Elements, although they clear up much of this, do not have what is here most 
required, namely, how to find the sides from the angles and the angles from the 
sides, since the angle does not measure the subtending straight line—just as the 
line does not measure the angle—but the arc does, there has accordingly been 
found a method whereby the lines subtending any arc may become known. By 
means of these lines, or chords, it is possible to determine the arc corresponding 
to the angle: and conversely by means of the arc to determine the straight line, 
or chord, which subtends the angle. So it does not seem irrelevant, if we treat 
of these lines, and also of the sides and angles of plane and spherical triangles— 
which Ptolemy discussed a few at a time here and there—in order that these 
questions may be answered here once and for all and that what we are going to 
teach may become clearer. Now, by the common agreement of mathematicians, 
we divide the circle into 360 degrees. Now the ancients employed a diameter of 
120 parts. But in order to avoid the complication of minutes and seconds in the 
multiplication and division of the numbers attached to the lines, as the lines 
are usually incommensurable in length, and often in square too; some of their 
successors established a rational diameter of 1,200,000 parts or of 2,000,000 
parts, or of some other rational quantity—from the time when Arabic numerals 

1Or, in other words, the axis of the terrestrial equator describes around the axis of the ter- 


restrial ecliptic a double conic surface having its vertices at the centre of the Earth, in a period 
of revolution equal approximately to that of the Earth’s centre. 
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came into general use. This mathematical notation surpasses any other— 
Greek or Latin—[12>] in a certain singular ease of employment and readily ac- 
commodates itself to every class of computation. For that reason we too have 
taken a division of the diameter into 200,000 parts as sufficient to exclude any 
very noticeable error. For as regards things which are not related as number 
to number, it is enough to attain a close approximation. But we will unfold this 
in six theorems and a problem—following Ptolemy fairly closely. 


First THEOREM 


The diameter of a circle being given, the sides of the triangle, tetragon, hexagon, 
and decagon, which the same circle circumscribes, are also given. 

Half the diameter, or the radius, is equal to the side of the hexagon, [Euclid, 

Iv, 15]; the square on the side.of the triangle 
A jc. E B D is three times the square on the side of the 

hexagon, [Euclid, x11, 12]; and the square on 

the side of the tetragon is twice the square on 
the side of the hexagon, Euclid as is shown in Euclid’s Elements [1v, 9 and 1, 47]. 
Therefore the side of a hexagon is given in length as 100,000 parts, that of the 
tetragon as 141,422 parts, and that of the triangle as 173,205 parts. 

Now let AB be the side of the hexagon; and by Euclid, 1, 11, or vi, 30, let 
it be cut in mean and extreme ratio at point C; and let CB be the greater seg- 
ment to which its equal BD is added. Therefore the whole 4 BD will have been 
cut in extreme and mean ratio, and the lesser segment BD will be the side of the 
decagon inscribed in the circle, and AB will be the side of the inscribed hexagon, 
as is made clear by Euclid, x1, 5 and 9. 

But BD will be given in this way: let AB be bisected at E, and it will be clear 
from Euclid, x11, 3 that 


sq. EBD=5 sq. EB. 


But 
EB=50,000. 
Whence 
5 sq. EB is given. 
Hence 
EBD = 111,808. 
And 


BD= EBD—EB = 111,803—50,000 = 61,803, 
which is the side of the decagon sought. 

Moreover the side of the pentagon, the square on which is equal to the sum 
of the squares on the side of the hexagon and on the side of the decagon [Ele- 
ments, x111, 10], is given as 117,557 parts. 

Therefore the diameter of the circle being given, the sides of the triangle, 
tetragon, pentagon, hexagon and decagon, which may be inscribed in the same 
circle, have been given—as was to be shown. 


PoRISM 


Furthermore, it 1s clear that when the chord subtending an arc has been given, that 
chord too can be found which subtends the rest [13] of the semicircle. 

Since the angle in a semicircle is right, and in right triangles the square on 
the chord subtending the right angle, 7.e., the square on the diameter, is equal 
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to the sum of the squares on the sides comprehending the right angle; therefore 
—since the side of the decagon, which subtends 36° of the circumference, has 
been shown to have 61,803 parts whereof the diameter has 200,000 parts—the 
chord which subtends the remaining 144° of the semicircle has 190,211 parts. 

And in the case of the side of the pentagon, which is equal to 117,557 parts of 
the diameter and subtends an arc of 72°, a straight line of 161,803 parts is 
given, and it subtends remaining 108° of the circle. 


SEconD THEOREM 


If a quadrilateral 1s inscribed in a circle, the rectangle comprehended by the diago- 
nals is equal to the two rectangles which are comprehended by the two pairs of 
opposite sides. 

For let the quadrilateral ABCD be inscribed in a circle; I say that the rectan- 
gle comprehended by the diagonals AC and DB is equal 


to those comprehended by AB, CD and by AD, BC. B 
For let us make 
angle ABH =angle CBD. C 


Therefore by addition 
angle ABD=angle EBC, 
taking angle HEBD as common to both. Moreover 
angle ACB=angle BDA. 
because they stand on the same segment of the circle; and 
accordingly the two similar triangles BCE and BDA will 
have their sides proportional. Hence 
BC: BD=EC: AD. 
And 
rect. EHC, BD=rect. BC, AD. 
But also the triangles ABH and CBD are similar, because 
angle ABE =angle CBD. 
And 
angle BAC’=angle BDC, 
because they intercept the same arc of the circle. 
So again, 
AB: BD=AE:CD 
And 
rect. AB, DC=rect. AE, BD. 
But it has already been made clear that 
rect. AD, BC=rect. BD, EC. 
Accordingly, taken as a whole, 
rect. BD, AC=rect. AD, BC+rect. AB, CD, 
as it was opportune to have shown. 


THIRD THEOREM 


Hence if straight lines subtending unequal arcs in a semicircle are given, the chord 
subtending the arc whereby the greater arc exceeds the smaller is also gwen. 

[13>] In the semicircle ABCD with diameter AD, let the straight lines AB and 
AC subtending unequal arcs be given. To us, who wish to discover the chord 
subtending BC, there are given by means of the aforesaid the chords BD and 
CD subtending the remaining arcs of the semicircle, and these chords bound 
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B the quadrilateral ABCD in the semicircle. The diag- 
Cc onals AC and BD have been given together with the 
three sides AB, AD, and CD. And, as has already 
been shown, 
rect. AC, BD=rect. AB, CD+rect. AD, BC. 
A D Therefore, 
rect. AD, BC=rect. AC, BD— rect. AB, CD. 
Accordingly, in so far as the division may be carried out, 
(AC-BD —AB-CD)+AD=BC, 
which was sought. 
Further when, for example, the sides of the pentagon and hexagon are given 
from the above, by this computation a line is given subtending 12°—which is 
the difference between the arcs—and it is equal to 20,905 parts of the diameter. 


FourtH THEOREM 


Given a chord subtending any arc, the chord subtending half of the arc is also given. 
Let us describe the circle ABC, whose diameter is AC, and let the arc BC be 

given together with the chord subtending it, and let the 2 

line EF from the centre EF cut BC at right angles. Ac- 

cordingly by Euclid, 111, 3, it will bisect chord BC at F, 

and the are at D. Let the chords subtending arcs AB 

and BD be drawn. Since the triangles ABC and EFC'are , Cc 

right and also similar—for they have angle ECF in com- 

mon; therefore, as ; 

CF= BFC, G 


so 
EF = AB. 


But chord AB is given, for it subtends the remaining are 
of the semicircle. Therefore EF is given; and so is line DF the remainder of the 
radius. Let the diameter DEG be completed, and let BG be joined. Therefore in 
triangle BDG line BF falls from the right angle at B perpendicular to the base. 
Accordingly, 
rect. GD, DF =sq. BD. 

Therefore BD is given in length, and it subtends half of the are BDC. 

And since a chord subtending 12° has already been given, the chord subtend- 
ing 6° is given as 10,467 parts; that subtending 3°, as 5235 parts; that subtend- 
ing 114°, as 2618 parts; and that subtending 45’, as 1309 parts. 


[14*] Firra THEOREM 


Again, when chords are given subtending two arcs, 
G the chord subtending the whole arc made up of them is 
also given. 
Let there be given in the circle the two chords sub- 
tending the arcs AB and BC; I say that the chord sub- 
A D tending the whole arc ABC is also given. 
For let the diameters AFD and BFE be drawn, and 
also the chords BD and CE, which are given by means 
E of the foregoing, on account of chords AB and BC being 
given; and 
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chord DE =chord AB. 
The joining of CD completes the quadrilateral BCDE, whose diagonals BD and 
CE are given together with the three sides BC, DE, and BE; and the remaining 
side CD will be given by the second theorem; accordingly chord C'A which sub- 
tends the remaining part of the semicircle will be given, and it subtends the 
whole arc ABC and is what was sought. 

Furthermore, since so far there have been discovered chords which subtend 
3°, 114°, and 34°; by means of these intervals a table can be constructed with 
the most exact ratios. Nevertheless if we ascend through the degrees and add 
one are to another arc either by halves or by some other mode, there is not un- 
justified doubt concerning the chords subtending those arcs, as the graphical 
ratios by which they can be shown are lacking to us. Nothing, however, prevents 
us from going on with that by some mode which is this side of error perceptible 
to sense and which is least unconsonant with the assumed number. This was 
what Ptolemy too sought as regards the chords subtending arcs of 1° or of 14°; 
and he admonished us in the first place- 


SixtH THEOREM 


The ratio of the arcs 1s greater than the ratio of the greater to the smaller of the chords. 

Let there be in a circle two unequal successive arcs AB and BC, and let BC 
be the greater. 

I say that 

arc BC :ard AB>chord BC : chord AB. 

These chords comprehend angle B, and let that be 
bisected by line BD. And let AC be joined, which cuts 
BD at point E. Similarly let AD and CD be joined; 
then 

AD=CD, 

because they subtend equal arcs. 

Accordingly, since in triangle ABC, the line which 
bisects the angle also cuts AC [14°] at #, then 

EC, segment of base: AF =BC : AB (Euclid, v1, 3) 
and since 


BC>AB, 
then 
EC>EA. 
Let DF be erected perpendicular to AC; it will bisect AC at point F. And F 
must necessarily be found in the greater segment HC. And since in every triangle 
the greater angle is subtended by the greater side, in the triangle DEF 
side DE >side DF, 
and further, 
AD>DE, 
wheretofore the circumference described with D as center and DE as radius 
will cut AD and pass beyond DF. Therefore let it cut AD at H, and let it be 
extended in the straight line DFT. 
Since 
sect. HDI >trgl. EDF, 
while 
trgl. DEA >sect. DEH. 
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therefore 
trgl. DEF : trgl. DEA<sect. DET : sect. DEH. 
But sectors are proportional to their ares or to the angles at the centre; while 
triangles under the same vertex are proportional to their bases. Accordingly 
angle EDF : angle ADE>base EF : base AE. 
Therefore, componendo, 
angle FDA : angle ADE>base AF : base AE. 
And, in the same way, 
angle CDA : angle ADE>base AC : base AE. 
But, separando, 
angle CDE : angle EDA>base CE : base EA. 


But 

angle CDE : angle EDA =arc CB : arc AB. 
And 

base CE : base AE =chord CB : chord AB. 
Therefore 


arc CB : arc AB>chord BC : chord AB, 
as was to be shown. 


PROBLEM 


But since the arc is always greater than the straight line subtending it—as 
the straight line is the shortest of those lines which have the same termini— 
nevertheless in going from greater to lesser sections of the circle, the inequality 
approaches equality, so that finally the circular line and the straight line go out 
of existence simultaneously at the point of tangency on the circle. Therefore 
it is necessary that just before that moment they differ from one another by 
no discernible difference. 

For example, let arc AB be 3° and are AC 114°. It has been shown that 

ch, AB = 200, 
where diameter = 200,000, 
C and that 
ch. AC =2618. 
And though 
arc AB=2 [15°] are AC, 
Yet 
chy A Baz ch. AC 
and 
ch. AC—2617 =1. 
But if we make 
arc AB=114° 


and 
are AC =3,", 
then 
ch. AB=2618 
and 
ch. AC=4209, 


and even though chord AC ought to be greater than half of chord AD, it is seen 
to be no different from the half. And the ratios of the arcs and the straight 
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lines are now apparently the same. Therefore, since we see that we have come 
so far that the difference between the straight and the circular line evades 
sense-perception as completely as if there were only one line, we do not hesi- 
tate to take 1309 as subtending 34° and in the same ratio to fit the chord to 
the degree and to the remaining parts [of the degree]; and so with the addition 
of 14° to the 34° we establish 1° as subtended by 1745, 14° by 87214, and 14° 
by approximately 582. 

Nevertheless I think it will be enough if in the table we give only the halves 
of the chords subtending twice the arc, whereby we may concisely comprehend 
in the quadrant what it used to be necessary to spread out over the semicircle; 
and especially because the halves come more frequently into use in demonstra- 
tion and calculation than the whole chords do. Now we have set forth a table 
increasing by 1°’s and having three columns. In the first column are the de- 
grees and sixth parts of a degree. The second contains the numerical length of 
half the chord subtending twice the arc. The third contains the difference 
between the numerical lengths of each half chord, and by means of these differ- 
ences we can make proportional additions in taking half-chords of a particular 
number of minutes. The table follows: 


Arcs 
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Halves 
of the 
chords 
sub- 
tending 
twice 
the arcs 


291 
582 
873 
1163 
1454 
1745 
2036 
2327 
2617 
2908 
3199 
3490 
3781 
4071 
4362 
4653 
4943 
5234 
5524 
5814 
6105 
6395 
6685 
6975 
7265 
7555 
7845 
8135 
8425 
8715 
9005 
9295 
9585 
9874 
10164 
10453 
10742 
11031 
11320 
11609 
11898 
12187 
12476 
12764 
13053 


Differ- 
ences 
be- 
tween 
each 
half- 
chord 


291 
291 
290 
291 
291 
291 
291 
290 
291 
291 
291 
201 
290 
291 
291 
290 
291 
290 
290 
291 
290 
290 
290 
290 
290 
290 
290 
290 
290 
290 
290 
290 
289 
290 
289 
289 
289 
289 
289 
289 
289 
289 
288 
289 
288 


Arcs 


Deg. \Min. 
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40 
50 

0 
10 
20 
30 
40 
50 


Halves 
of the 
chords 
sub- 
tending 
twice 
the arcs 


13341 
13629 
13917 
14205 
14493 
14781 
15069 
15356 
15643 
15931 
16218 
16505 
16792 
17078 
17365 
17651 
17937 
18223 
18509 
18795 
19081 
19366 
19652 
19937 
20222 
20507 
20791 
21076 
21360 
21644 
21928 
22212 
22495 
22778 
23062 
23344 
23627 
23910 
24192 
24474 
24756 
25038 
25319 
25601 
25882 


Differ- 
ences 
be- 
tween 
each 
half- 
chord 


288 
288 
288 
288 
288 
288 
287 
287 
288 
287 
287 
287 
286 
287 
286 
286 
286 
286 
286 
286 
285 
286 
285 
285 
285 
284 
285 
284 
284 
284 
284 
283 
283 
284 
282 
283 
283 
282 
282 
282 
282 
281 
282 
281 
281 


Arcs 


Halves 
of the 
chords 
sub- 
tending 
twice 
the arcs 


26163 
26443 
26724 
27004 
27284 
27564 
27843 
28122 
28401 
28680 
28959 
29237 
29515 
29793 
30071 
30348 
30625 
30902 
31178 
31454 
31730 
32006 
32282 
32557 
32832 
33106 
33381 
33655 
33929 
34202 
34475 
34748 
35021 
35293 
35565 
35837 
36108 
36379 
36650 
36920 
37190 
37460 
37730 
37999 
38268 


539 


Differ- 
ences 
be- 
tween 
each 
half- 
chord 


280 
281 
280 
280 
280 
279 
279 
279 
279 
279 
278 
278 
278 
278 
277 
277 
277 
276 
276 
276 
276 
276 
275 
275 
274 
275 
274 
274 
273 
273 
273 
273 
272 
272 
272 
271 
271 
271 
270 
270 
270 
270 
269 
269 
269 


540 


Arcs 


Deg. |Afin. 


TABLE OF THE CHORDS IN A CrRCLE—(Continued) 


Halves 
of the 
chords 
sub- 
tending 
twice 
the arcs 


38587 
38805 
39073 
09341 
39608 
39875 
40141 
40408 
40674 
40939 
41204 
41469 
41734 
41998 
42262 
42525 
42788 
43051 
43313 
43575 
43837 
44098 
44359 
44620 
44880 
45140 
45399 
45658 
45917 
46175 
46433 
46690 
46947 
47204 
47460 
47716 
47971 
48226 
48481 
48735 
48989 
49242 
49495 
49748 
50000 


Differ- 
ences 
be- 
tween 
each 
half- 
chord 


268 
268 
268 
267 
267 
266 
267 
266 
265 
265 
265 
265 
264 
264 
263 
263 
263 
262 
262 
262 
261 
261 
261 
260 
260 
259 
259 
259 
258 
258 
257 
257 
257 
256 
256 
255 
255 
255 
254 
254 
253 
253 
253 
252 
252 


COPERNICUS 


Arcs 


Halves | Differ- 
of the | ences 


chords be- 
sub- tween Arcs 
tending | each 
twice | half- 
the arcs | chord 

Deg. \Min. 
50252 | 251 37 | 40 
50503 | 251 37} 50 
50754 | 250 38 0 
51004 | 250 38 | 10 
51254 | 250 38 | 20 
51504 | 249 38 | 30 
51753 | 249 38 | 40 
52002 | 248 38 | 50 
52250 | 248 39 0 
52498 | 247 39 | 10 
52745 | 247 39 | 20 
52992 | 246 39 | 30 
538238 | 246 39 | 40 
53484 | 246 39 | 50 
53730 | 245 40 0 
538975 | 245 40 | 10 
54220 | 244 40 | 20 
54464 | 244 40 | 30 
54708 | 243 40 | 40 
54951 | 243 40 | 50 
55194 | 242 41 0 
554386 | 242 41 ; 10 
55678 | 241 | 41 | 20 
55919 | 241 41 | 30 
56160 | 240 41 | 40 
56400 | 241 41 | 50 
56641 | 239 42 0 
56880 | 239 42 | 10 
57119 | 239 42 | 20 
57358 | 238 42 | 30 
57596 | 237 42 | 40 
57833 | 237 42 | 50 
58070 | 237 43 0 
58307 | 236 43 | 10 
58543 | 236 43 | 20 
58779 | 235 43 | 30 
59014 | 234 43 | 40 
59248 | 234 43 | 50 
59482 | 234 44 0 
59716 | 233 44 | 10 
59949 | 232 44 | 20 
60181 | 232 44 | 30 
60413 | 232 44 | 40 
60645 | 231 44 | 50 
60876 | 231 45 0 


Halves 
of the 
chords 
sub- 
tending 
twice 
the arcs 


61107 
61337 
61566 
61795 
62024 
62251 
62479 
62706 
62932 
63158 
63383 
63608 
63832 
64056 
64279 
64501 
64723 
64945 
65166 
65386 
65606 
65825 
66044 
66262 
66480 
66697 
66913 
67129 
67344 
67559 
67773 
67987 
68200 
68412 
68624 
68835 
69046 
69256 
69466 
69675 
69883 
70091 
70298 
70505 
70711 


Arcs 


Deg. \Min. 


REVOLUTIONS OF HEAVENLY SPHERES, I 


TABLE OF THE CHORDS IN A CiRCLE—(Continued) 


Halves 
of the 
chords 
sub- 
tending 
twice 
the arcs 


70916 
71121 
71325 
71529 
71732 
71934 
72136 
72337 
72537 
72737 
72936 
73135 
73333 
73531 
73728 
73924 
74119 
74314 
74508 
74702 
74896 
75088 
75280 
75471 
75661 
75851 
76040 
76299 
76417 
76604 
76791 
76977 
77162 
77347 
77531 
77715 
77897 
78079 
78261 
78442 
78622 
78801 
78980 
79158 
79335 


Differ- 
ences 
be- 
tween 
each 
half- 
chord 


205 
204 
204 
203 
202 
202 
201 
200 
200 
199 
199 
198 
198 
197 
196 
195 
195 
194 
194 
194 
194 
192 
191 
190 
190 
189 
189 
188 
187 
187 
186 
185 
185 
184 
184 
182 
182 
182 
181 
180 
179 
179 
178 
177 
17% 


Halves 
of the 
chords 


Arcs sub- 


tending 
twice 
the arcs 


40 | 79512 
50 | 79688 
0 | 79864 
10 | 80038 
20 | 80212 
30 | 80386 
40 | 80558 
50 | 80730 
0 | 80902 
10 | 81072 
20 | 81242 
30 | 81411 
40 | 81580 
50 | 81748 
0 | 81915 
10 | 82082 
20 | 82248 
30 | 82413 
40 | 82577 
50 | 82741 
0 | 82904 
10 | 83066 
20 | 83228 
30 | 83389 
40 | 83549 
50 | 83708 
0 | 83867 
10 | 84025 
20 | 84182 
30 | 84339 
40) | 84495 
50 | 84650 
0 | 84805 
10 | 84959 
20 | 85112 
30 | 85264 
40 | 85415 
50 | 85566 
0 | 85717 
10 | 85866 
20 | 86015 
30 | 86163 
40 | 86310 
50 | 86457 


0 | 36602 | 


Differ- 
ences 
be- 
tween 
each 
half- 
chord 


176 
176 
174 
174 
174 
172 
172 
172 
170 
170 


Arcs 


Deg. \Min. 


10 
20 
30 
40 
50 

0 
10 
20 
30 
40 
50 

0 
10 
20 
30 
40 
50 

0 
10 
20 
30 
40 
50 

0 
10 
20 


Halves 
of the 
chords 
sub- 
tending 
twice 
the arcs 


86747 
86892 
87036 
87178 
87320 
87462 
87603 
87743 
87882 
88020 
88158 
88295 
88431 
88566 
88701 
88835 
88968 
89101 
89232 
89363 
89493 
89622 
89751 
89879 
90006 
90133 
90258 
90383 
90507 
90631 
90753 
90875 
90996 
91116 
91235 
91354 
91472 
91590 
91706 
91822 
91936 
92050 
92164 
92276 
92388 


542 


Arcs 


TABLE OF THE CHORDS IN A CrrcLE—(Continued) 


Differ- 
ences 


Halves 
of the 
chords 
sub- 
tending 
twice 
the arcs 


92499 
92609 
92718 
92827 
92935 
93042 
93148 
93253 
93358 
93462 
93565 
93667 
93769 
93870 
93969 
94068 
94167 
94264 
94361 
94457 
94552 
94646 
94739 
94832 
94924 
95015 
95105 
95195 
95284 
95372 
95459 
95545 
95630 
95715 
95799 
95882 
95964 
96045 
96126 
96206 
96285 
96363 
96440 
96517 
96592 


be- 


tween 
each 
half- 
chord 


110 
109 
109 
108 
107 
106 
105 
105 
104 
103 
102 
102 
101 

99 

99 

99 


COPERNICUS 

Halves | Differ- 

of the | ences 
chords be- 

Arcs sub- | tween 
tending | each 

tuice | half- 

the arcs | chord 

Deg. \Min. 

75 | 10 | 96667 75 
75 | 20 | 96742 @B 
75 | 30 | 96815 72 
75 | 40 | 96887 42 
75 | 50 | 96959 71 
76 0 | 97030 69 
76 | 10 | 97099 70 
76 | 20 | 97169 68 
76 | 30 | 97237 67 
76 | 40 | 97304 67 
76 | 50 | 97371 66 
té 0 | 97437 65 
77 | 10 | 97502 64 
77 | 20 | 97566 64 
77 | 30 | 97630 62 
77 | 40 | 97692 62 
77 | 50 | 97754 61 
78 0} 97815 60 
78 | 10 | 97875 59 
78 | 20 | 97934 58 
78 | 30 | 97992 58 
78 | 40 |} 98050 5k 
78 | 50 | 98107 56 
79 0 | 98163 +33) 
79 | 10 | 98218 54 
79 | 20 | 98272 53 
79 | 30 | 98825 53 
79 | 40 | 98378 52 
79 | 50 | 98430 51 
80 0 | 98481 50 
80 | 10 | 98531 49 
80 | 20 | 98580 49 
80 | 30 | 98629 47 
80 | 40 | 98676 47 
80 | 50 | 98723 46 
81 0 | 98769 45 
81 | 10 | 98814 44 
81 | 20 | 98858 44 
81 | 30 | 98902 42 
81 | 40 | 98944 42 
81 | 50 | 98986 Al 
82 0 | 99027 40 
82 | 10 | 99067 39 
82 | 20 | 99106 38 
82 | 30 | 99144 38 


Arcs 


Deg. \Min. 


40 
50 

0 
10 
20 
30 
40 
50 

0 
10 
20 
30 
40 
50 

0 


{ 10 


20 
30 
40 
50 

0 
10 
20 
30 
40 
50 

0 
10 
20 
30 


50 


Halves 
of the 
chords 
sub- 
tending 
twice 
the arcs 


99182 
99219 
99255 
99290 
99324 
99357 
99389 
99421 
99452 
99482 
99511 
99539 
99567 
99594 
99620 
99644 
99668 
99692 
99714 
99736 
99756 
99776 
99795 
99813 
99830 
99847 
99863 
99878 
99892 
99905 
99917 
99928 
99939 
99949 
99958 
99966 
99973 
99979 
99985 
99989 
99993 
$9096 
99998 
99999 


0 |100000 


Cee NWPRAD|AIO SO 
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13. On THE SIDES AND ANGLES OF PLANE RECTILINEAR TRIANGLES 


I 
[19>] The sides of a triangle whose angles are given are given. 
I say let there be the triangle ABC, around which a circle is circumscribed, 
by Euclid, 1v, 5. Therefore ares AB, BC, and CA will be 
C given in degrees whereof 360° are equal to two right angles. 
Now given the arcs, the subtending sides of the triangle 
inscribed in the circle are also given by the table drawn up, 
where the diameter is assumed to have 200,000 parts. 
II 
But if two sides of the triangle are given together with one of 
A B the angles, the remaining side and the remaining angles may 
become known. 
For the given sides are either equal or unequal. But the 
given angle is either right or acute or obtuse. Again, the 
given sides either comprehend the angle or they do not comprehend it. 
Therefore in triangle ABC first let the two given sides AB and AC be equal, 
and let them comprehend the given angle A. 
Therefore the remaining angles at base BC are also given— 
since they are equal—as half of the remainder, when A is sub- n 
tracted from two right angles. And if the angle given first was at 
the base, then its equal is soon given, and from the two of them 
the remaining angle that goes to make up two right angles. But 
given the angles of a triangle, the sides are given: and moreover 
the base BC is given from the table in the parts whereof AB or 
AC as radius has 100,000 parts or whereof the diameter has "7 c 
200,000 parts. 
III 
But tf the angle BAC comprehended by the given sides 1s right, the same thing will 
result. 
Since it is obvious that 
i [204] sq. AB+sq. AC =sq. BC; 


therefore BC is given in length and the sides in their ratio 
to one another. But the segment of a circle which compre- 
hends a right triangle is a semicircle, and base BC is the di- 


5 ¢ ameter. Therefore AB and AC as subtending the remain- 
ing angles C and B will be given in the parts whereof BC 
has 200,000 parts. And the ratio of the table will reveal the 

angles in the degrees whereof 180° are equal to two right angles. 

The same thing will result if BC is given together with one of the sides com- 
prehending the right angle, as I judge has been clearly established. 

IV 

But now let the given angle ABC be acute, and also let it be comprehended by the 

given sides AB and BC. 

And from point A drop a perpendicular to BC extended, if necessary, accord- 
ing as it falls inside or outside the triangle, and let it be AD. By this perpen- 
dicular the two right triangles ABD and ADC are distinguished, and since 
the angles in ABD are given—for D is a right angle, and B is given by hy- 
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pothesis; therefore AD and BD are given by the table A 

as subtending angles A and Bin the parts whereof AB, 

the diameter of the circle, has 200,000 parts. And in 

the same ratio wherein AB was given in length, AD 

and BD are given similarly; and CD, which is the dif- 

ference between BC and BD, is given also. B a oc 
Therefore in the right triangle ADC, the sides AD 

and CD being given, AC the side sought and angle 

ACD are given according to what has been shown above. 


Vv 
And it will not turn out differently, if angle B is obtuse. 
A For the perpendicular AD dropped from point A to 


straight line BC extended makes the triangle ABD have 

its angles given. For angle ABD, which is exterior to 

angle ABC, is given; and 

angle D=90°. 

Therefore sides BD and AD are given in the parts 
D B c whereof AB has 200,000. And since BA and BC have a 

given ratio to one another, therefore AB too is given in 

the same parts, wherein BD and the whole CBD are 
given. 

Accordingly in the right triangle ADC, since the two sides AD and CD are 
given, side AC and angles BAC and ACB, which were sought for, are also given. 
VI 
But let either of the given sides, AC or AB, be the one subtending the given 
angle B. [20%] Therefore AC is given by the table in parts whereof the diameter 
of the circle circumscribing the triangle ABC has 200,000 and according to the 
given ratio of AC to AB. AB is given in similar parts, and by the table the angle 
ACB is given together with the remaining angle BAC’, by which chord CB is 
also given. And by this ratio they are given in any magnitude. 

VII 
Given all the sides of the triangle, the angles are given. 

It is too well known to be worth mentioning that each angle of an equilateral 
triangle is one third of two right angles. 

It is also clear in the case of an isosceles triangle. For each of the equal sides 
is to the third side as half of the diameter is to the side subtending the are by 
which the angle comprehended by the equal sides is given according to the 
table, wherein the 360° around the centre are equal to four right angles. Then 
the two angles at the base are given as half of the supplemen- 
tary angle. 

Therefore it now remains to show this in the case of scalene 
triangles, which we divide in the same way into right triangles. 

Therefore let there be the scalene triangle ABC of which the 
sides are given, and upon the side which is the longest, namely 
BC, drop the perpendicular AD. Now Euclid, 11, 13 tells us 
that if AB subtends the acute angle, then 
(sq. AC-+sq. BC)—sq. AB=2 rect. BC, CD. 
Now it is necessary for angle C to be acute; for otherwise AB 
1As in the subjoined figure: 
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would be the longest side contrary to the hypotheses, according to Euclid, 1, 17- 
19. Therefore BD and DC are given, and there will be the right triangles ABC 
and ADC with their sides and angles given—as has so often happened before 
—and so the angles of triangle ABC which were sought become established. 
Another way. Similarly Euclid, 111, 36 will perhaps give us an easy method, if 
with BC the shorter side as radius and with point 


F F C as centre, we describe a circle which will cut 
B E either one or both of the remaining sides. 

First, let it cut both: AB at point E and AC at 

c C D; and let line ADC extended to point F in order 


to complete the diameter DCF. And with this 

construction it is clear from that proposition of 

Euclid that 

[21°] rect. FA, AD=rect. BA, AE, 
since each is equal to the square on the tangent 
to the circle from A. But the whole AF is given, 
as all its segments are given, since 
radius CF = radius CD=BC, 
and 
AD=CA-—CD. 

A A Wherefore, as the rectangle BA, AH is given, AE 
also 1s given in length; and so is the remainder BE 
subtending arc BE. By joining EC we shall have 

the isosceles triangle BCE with all its sides given. Therefore the angle EBC is 

given. Hence in the triangle ABC the remaining angles at C and at A may be- 
come known by means of what has been shown above. 

However, let the circle not cut AB as in the other figure, where AB falls upon 
the concave circumference; nevertheless BE will be given, and in the isosceles 
triangle BCE angle CBE will be given and also the exterior angle ABC. And by 
the same method as before the remaining angles are given. 

And we have said enough concerning rectilinear triangles, in which a great 
part of geodesy consists. Now let us turn to spherical triangles. 


14. On SPHERICAL TRIANGLES 


In this place we take that triangle as spherical which is comprehended by 
three arcs of great circles on a spherical surface. But we take the difference and 
magnitude of the angles from the arc of a great circle, 7.e., a great circle described 
with the point of section as a pole; and this arc is the arc intercepted by the 
quadrants of the circles comprehending the angle. For as the arc thus inter- 
cepted is to the whole circumference, so is the angle of section to four right 
angles—which we have said contain 360 equal degrees. 

I 

[21>] Lf there are three arcs of the great circles of a sphere, and if any two of them 
joined together are longer than the third; it is clear that a spherical triangle can be 
constructed from them. 

For Euclid, x1, 23 shows in the case of angles what is here proposed in the 
case of arcs. Since there is the same ratio between angles as between arcs, and 
since the great circles are those circles which pass through the centre of the 
sphere; it is manifest that those three sectors of circles, 7.e., the sectors to 
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which the three arcs belong, form a solid angle at the'centre of the sphere. There- 
fore what was proposed has been established. 

II 
Any arc of a [spherical] triangle must-be less than @ semicircle. 

For the semicircle makes no angle at the centre but falls upon it in a straight 
line. But the remaining two angles which intercept the arcs cannot complete a 
solid angle at the centre, and so they cannot complete a spherical triangle. 

And I think this is the reason why Ptolemy in his exposition of triangles of 
this genus, especially as regards the figure of the spherical sector, argues that 
none of the ares taken together must be greater than a semicircle. 

III 
In spherical triangles having a right angle, the chord subtending twice the side op- 
posite the right angle zs to a chord subtending twice one of the sides comprehending 
the right angle as the diameter of the sphere 1s to the chord which subtends the angle 
comprehended in the great circle of the sphere by the first side and by the remaining 
side. 

For let there be the spherical triangle ABC, of which the angle at C is right. 
I say that 

ch. 2 AB: ch. 2 BC=dmt. sph. : ch. 2 BAC gr. circ. sph. 

With A asa pole draw DE the arc of a great circle, and let ABD and ACE the 
quadrants of the circles be completed. And from the 
centre Ff of the sphere draw the common sections of the A 
circles: FA the common section of circles ABD and 
ACE, [22°] FE of circles ACE and DE, and FD of cir- 
cles ABD and DE; and moreover, FC of the circles AC 
and BC. Then draw BG at right angles to FA, BI at 
right angles to FC, and DK at right angles to FE; and Cc OD B 
let GI be joined. | 

Since if a circle cuts a circle described through its 
poles, it cuts it at right angles; therefore the angle AD will be right; and angle 
ACB is right by hypothesis; and each of the planes EDF and BCF is perpen- 
dicular to plane AEF. Wherefore if a line be erected in the underlying plane of 
AFE at right angles to point K in the common section, this line and KD will 
comprehend a right angle, by the definition of planes which are perpendicular 
to one another. Wherefore, by Euclid, x1, 4, line KD is perpendicular to circle 
AEF. But BI was erected in the same relation to the same plane; and so by 
Euclid, x1, 6, DK is parallel to BI and FD is parallel to GB, because 


angle FGB=angle GFD =90°. 
And by Euclid, x1, 10, 
angle FDK =angle GBI. 

But 

angle FKD=90°, 
and by definition 

GI is perpendicular to IB. 
Accordingly the sides of similar triangles are proportional; and 
DF : BG=DK : BI. 

But 

BI=% ch. 2 CB, 
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since it is at right angles to the radius from center F’; and for the same reason, 
BG=%-ch:2 BA, 
DK= ch. 2 DE, or % ch. 2 DAE, 
and 
DF = dmt. sph., 
Therefore it is clear that 
ch. 2 AB: ch. 2 BC=dmt.: ch. 2 DAE (or ch. 2 DE), 
as it was time to show. 
IV 
In any triangle having a right angle, 1f another angle and any side are given, the 
remaining angle and the remaining sides will be given. 

For let there be the triangle ABC having the angle A right and having one of 
the other two angles, namely B, given. 

Let us take three cases of the given side. For it is either adjacent to both the 
given angles, as AB, or only to the right angle, as 
AC, or is opposite the right angle, as BC. 

Therefore let AB be the side given first; and with 
C as a pole let arc [22”] DE of the great circle be 
described. Let the quadrants CAD and CBE be 
completed; and let AB and DE be extended, until 
they cut one another at point F. Therefore con- 
versely the pole of CAD will be at F, because 

angle A =angle D=90°. 
And since, if in a sphere the great circles cut one another at right angles, they 
will bisect one another and pass through the poles of one another; therefore ABF 
and DEF are quadrants of circles. And since AB is given, BF the remainder of 
the quadrant is also given; and the vertical angle HBF is equal to the given angle 
ABC. But by what has been shown above 
ch. 2 BF : ch. 2 HF =dmt. sph. : ch. 2 EBF. 
But three of the chords have been given: 
dmt. sph., 
ch. 2. BF, 
ch. 2 EBF, 
or the half-chords; and therefore by Euclid, v1, 15, there is also given 
44 ch. 2 EF; 
and by the table the arc EF itself and DE the remainder of the quadrant, or 
the angle at C, which was sought. Similarly and alternately, 
ch. 2 DE : ch. 2 AB=ch. 2 EBC: ch. 2 CB. 
But DE, AB, and CE on the quadrants of the circle have already been given; 
and therefore the fourth chord, subtending twice arc CB, will be given, and also 
the side CB, which was sought. 
And since ~ = 


ch. 2 CB :ch.2CA=ch.'2)BF ‘ch. 2‘EF, 
because they both have the ratio of 

-dmt. sph. : ch. 2 CBA, 
and because things which have the same ratio to one and the same’thing have 
the same ratio to one another; therefore with the three chords BF, EF, and CB 
given, the fourth chord CA is also given; and are CA is the third side of the 
triangle ABC. 
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But now let AC be the side assumed as given, and let our problem be to find 
the sides AB and BC together with the remaining angle C. Again similarly and 
by inversion, 

ch. 2C A: ch. 2CB=cth>2 2c cmt. 
Hence the side CB is given, and also AD and BE the remainders of the quad- 
rants of the circles. And so again, 
ch. 2 AD: ch. 2 BE=ch. 2 ABF, 7.e., dmt., : ch. 2 BF. 
Therefore arc BF is given, and the side AB, which is the remainder. 
And similarly, 
ch. 2 BC : ch. 2 AB=2'eh. CBE > ch. 2 DE. 
Hence arc DE, or twice the remaining angle at C, will be given. 

Furthermore, if it was BC which was assumed, again as before, AC and the 
remainders AD and BE will be given. Hence are BF and the remaining side AB 
are given by means of the diameter and the chords [23°] subtending them, as has 
often been said. And as in the preceding theorem, by means of arcs BC, AB, and 
CBE being given, the arc ED, 1.e., the remaining angle at C, which we were seek- 
ing, is discovered. 

And so again in the triangle ABC with two angles A and B given, of which A 
is right, and with one of the three sides given, the third angle and the remaining 
sides are given, as was to be shown. 


Vv 
The sides of a right triangle, of which the angles are given, are also given. 

Let the preceding diagram be kept. On account of the angle C being given, 
the arc DE and EF the remainder of the quadrant are given. And since BEF is 
a right angle, because BE was let fall from the pole of are DEF; and since angle 
EBF is equal to its vertical angle, which was given; therefore the triangle BEF, 
having the right angle # and the angle at B given together with the side EF, has 
its sides and angles given by the preceding theorem. Therefore BF is given, and 
so is AB the remainder of the quadrant. And similarly in the triangle ABC the 
remaining sides AC and BC are shown as above. 


VI 

If in the same sphere two triangles have right angles and another angle equal to 
another angle and one side equal to one side—whether the sides be adjacent to the 
equal angles or lie opposite one of the equal angles—they will have the remaining 
sides equal to the remaining sides and the re- 
maining angle equal to the remaining angle. 

Let there be the hemisphere ABC, in which 
the two triangles ABD and CEF are taken. A ' 
Let the anglesat A and C be right; and fur- 
thermore let the angle ADB be equal to CEF, me | 
and one side to one side. And first let the G <i Cc 
equal sides be adjacent to the equal angles, 
z.€., let AD be equal to CE. I say moreover 
that side AB is equal to side CF, side BD to 
EF, and the remaining angle ABD to the re- 
maining angle CFE. 

For with B and F as poles, draw GHJ and F 
IKL the quadrants of the great circles. And 
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let quadrants ADI and CEI be completed. They necessarily cut one another 
at the pole of the hemisphere, point I, [23] because 
angle A =angle C'=90° 
and quadrants GHJ and CEJ havebeendrawn through the polesof thecircle ABC. 
Therefore, since it has been assumed that 
side AD =side CE 
then by subtraction 
arc DI =arc EI. 
And 
angle [DH =angle IEK; 
for they are placed at the vertices of the angles assumed as equal; and 
angle H=angle K=90°. 
As things which have the same ratio to the same are in the same ratio; and 
since by Theorem III in this chapter, 
ch. 2/D:ch. 2 HI=dmt. sph. : ch. 2 JDH, 
and 
ch. EI: ch, 2 KI =dmt. sph. : ch. 2 JEK; 
therefore 
eh: 27D : che? Ai —chy247Z : ch. 2 IK. 
And by Euclid’s Elements, v, 14, since 
ch. 2 DI =ch. 2 IE 
therefore 
eh. 2) HT = chy 2 Mike 
And as in equal circles equal chords cut off equal ares, and as the parts of mul- 
tiples are in the same ratio [as the multiples]; therefore the plain arcs JH and 
IK will be equal; and so will GH and KL the remainders of the quadrants. 
Whence it is clear that 
angle B=angle F, 
and since, by the inverse of the third theorem, 
ch. 2 AD: ch. 2 BD=ch. 2 HG: ch 2 BDH, or dmt., 


and 
ch. 2 HC: ch. 2 EF=ch. 2 KL: ch. 2 FEK, or dmt., 
wherefore 
ch. 2 AD: ch. 2 BD=ch. 2 EC: ch. 2 EF 
and 


AD=CE. 
Therefore, by Euclid’s Elements, v, 14, 
arc BD=arc EF, 

on account of the chords subtending twice the arcs being equal. 

In the same way with BD and EF equal, we will show that the remaining 
sides and angles are equal. 

And in turn, if sides AB and CF are assumed to be equal, the results will fol- 
low the same identity of ratio. 

VII 

Now also even if there is no right angle, but provided that the sides which are ad- 
jacent to the equal angles are equal to one another, the same thing will be shown. 

In this way if in the two triangles ABD and CEF 

angle B=angle F 
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and ) B 
angle D=angle E, 
and if side BD is adjacent to the equal [247] 


angles and A 
side BD =side EF, [s 
I say that again the triangles are equilateral 
and equiangular. G 
For once more with B and F as poles, de- 
scribe GH and KL, the ares of the great circ- 
les. And let AD and GH extended intersect, at 
N; and let EC and LK similarly extended in- 
tersect at M. 
Therefore since in the two triangles HDN 
and EKA 
angle HDN =angle KEM, 
because they are placed at the vertex of the angles assumed equal; and since 
angle H =angle K =90° 
on account of the intersection of circles described through the poles of one 
another; and 
side DH =side EK; 
therefore the triangles are equiangular and equilateral by the preceding proof. 
And again because 7 
arc GH =are KL 
on account of its being assumed that 
angle B=angle F;; 
therefore by addition 
arc GHN =arc MKL, 
by the axiom concerning the addition of equals. And therefore there are these 
two triangles AGN and MCL where 
side GN =side ML, 
angle ANG =angle CML, 
and 
angle G=angle L=90°. 
So the triangles will have their sides and angles equal. Therefore when equals 
have been subtracted from equals, the remainders will be equal: 
arc AD=are CE, 
arc AB=arc CF, 
and 
angle BAD=angle ECF, 
as was to be shown. 
VIIL 
Now further, if two triangles have two sides equal to two sides and an angle equal 
to an angle, whether the angle which the equal sides comprehend, or an angle at the 
base, they will also have base equal to base and the remaining angles equal to the 
remaining angles. 
As in the preceding diagram, let 
side AB =side CF 
and a% 
side AD =side CE. 


—, — 
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A And first let 
angle A =angle C, 
which is comprehended by the equal sides. I say also that 
base BD=base EF, 
angle B=angle F, 


and 
D angle BDA =angle CEF. 
B Cc For weshall have the two triangles AGN and CLM, where 
angle G=angle L=90°. 
And since 
angle GAN =180°—angle BAD, 
and ; 
angle I/CL=180°—angle ECF, 
then 


angle GAN =angle MCL. 
Therefore the triangles are equiangular and equilateral. 
Wherefore since 

arc AN=are CM 
and a 

arc AD=arc CE, 
then by subtraction 

are DN =are ME. 
But it has already been made clear that 

angle DNH =angle EMK, 
and 
angle H=angle K =90°. 

Therefore the two triangles DHN and EMK will also be equiangular and equi- 
lateral. [24>] Hence [by the subtraction of equals] 
arc BD=are EF 


and 

arc GH =are KL. 
Hence ‘ft 

angle B=angle F, 
and 


angle ADB=angle FEC. 
But if instead of sides AD and CE it be assumed that 
base BD =base EF, 
which are opposite the equal angles; and if the rest stays the same; then the 
proof will be similar. For since , 
exterior angle GAN =exterior angle MCL, 
angle G=angle L:=90°, 
and 
side AG=side CL; 
in the same way as before we shall have the two triangles AGN and MCL as 
equiangular and equilateral. And moreover, as parts of them, 
trgl. DNH =trel. MEK, 
because 
angle H =angle K =90°, 
angle DNH =angle KME, 
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and by subtraction from the quadrant 
side DH =side EK. 
Whence the same things follow as before. 


IX 
Moreover, in tsosceles spherical triangles the angles at the base are equal to one 
another. 

Let there be triangle ABC, where 

side AB=side AC. 
I say that on the base 
angle ABC =angle ACB. 

From the vertex A drop a great circle which will cut the base at right angles, 
i.e., a circle through the poles of the base; and let this circle be AD. Therefore, 
since in the two triangles ABD and ADC 

side BA =side AC, 
and 

side AD=side AD, 
and 

angle BDA =angle CDA =90°, 
it is clear from what was shown above that 
angle ABC =angle ACB, 
as was to be shown. 
PoRISM 

Hence it follows that the arc from the vertex of an isosceles triangle which 
falls at right angles upon the base will at the same time bisect the base and the 
angle comprehended by the equal sides, and vice versa. And that is clear from 
what has been shown above. 

x 
If two triangles in the same sphere have the sides of the one severally equal to the 
sides of the other, they will have the angles of the one severally equal to the angles of 
the other. 

For in each triangle the three segments of great circles form pyramids which 
have as their apexes the centre of the sphere and as their bases the plane tri- 
angles which are comprehended by the straight lines subtending the arcs of the 
convex triangles. And those pyramids are similar and [25] equal by the defini- 
tion of similar and equal solid figures [Euclid, x1, Def. 10]; now the ratio of 
similarity is that the angles taken in any order will be severally equal to one 
another. Therefore the triangles will have their angles equal to one another. 

In particular, those who define similarity of figures more generally say that 
similar figures are those which have similar declinations, and have correspond- 
ing angles equal to one another. Whence I think it is manifest that in a sphere 
the triangles which are equilateral are similar, just as in the case of plane tri- 
angles. 

xi 
Every triangle which has two sides and an angle given will have the remaining sides 
and angles given. 

For if the two sides are given as equal, the angles at the base will be equal, 
and by drawing an arc from the vertex at right angles to the base, what is sought 
will easily be found by means of the Porism to the ninth theorem. 
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But if however the sides given are unequal, as in triangle ABC, where angle A 
is given together with two sides, the sides either compre- 
hend the given angle or do not comprehend it: First, let the 
given sides AB and AC comprehend it. And with C as a 
pole draw arc DEF of a great circle; and let the quadrants 
CAD and CBE be completed; and let AB extended cut DE 
at point F’. So also in the triangle ADF, 

side AD=90°—are AC; 
and 


angle BAD =180° —angle CAB. 
For the ratios and dimensions of these angles are the same 
as those of angles occurring at the intersection of straight 
lines and planes. And 
angle D=90°. 

Therefore by the fourth theorem of this chapter, triangle ADF will have its 
sides and angles given. And again in triangle BEF angle F has been found, and 
angle H=90° 
on account of the intersection of circles through the poles of one another; and 
side BF =are ABF —arc AB. 

Therefore by the same theorem triangle BEF also will have its angles and sides 

given. Whence BC the side sought is given, as 
BC=90°—BE, 
and BC is the side sought. And 
arc DE=are DEF —arc EF. 
And so angle Cis given. Any by means of angle EBF, the vertical angle ABC, 
which was sought, 1s given. 

But if in place of side AB, side CB which is opposite to the given angle is 
assumed, the same thing will result. For AD and BE the remainders of quad- 
rants are given; and by the same argument the two triangles ADF and BEF 
will have their sides and angles given, as before. 

Whence, as was intended, ABC the triangle set before us will have its sides 
and angles given. 

(25°) Sa 

Furthermore, if any two angles are given together with one side, there will 
be the same result. 

For let the construction in the previous figure stay; and in triangle ABC let 
the two angles ACB and BAC be given together with side AC, which is adjacent 
to both angles. Now if one of the angles given were right, then everything else 
would follow from the ratios by the preceding fourth theorem. But we wish to 
keep the theorems different and to have neither of the angles right. Therefore 

AD=90°—AC. 
And 

angle BAD =180°—angle BAC. 

And 

angle D=90°. 
Therefore by the fourth theorem in this chapter, triangle AFD will have its 
angles and sides given. But through angle C being given, the arc DE is given, 
and so is the remainder 
arc HF =90°—are DE. 
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And 
angle BEF =90°; 
and 
angle F=angle F. 
In the same way by the fourth theorem BE and BF are given; and through 
them we can discover sides AB and BC, which were sought. 

Moreover, if one of the given angles is opposite the given side, namely if angle 
ABC is given in place of angle ACB, and if the rest stayed the same, then it can 
be shown in similar fashion that the whole triangle ADF will be established as 
having its sides and angles given; and similarly the part of it which is triangle 
BEF; since on account of angle F being common to both, angle EBF being at 
the vertex of the given angle, and angle E being right, it is shown as above that 
all the sides are given. And from that there follows what I said. For all these 
things are always tied together by a mutual and perpetual bond, as befits the 
form of a globe. 


XIII 
Finally, all the sides of a triangle being given, the angles are given. 
Let all the sides of triangle ABC be given: I say that all the angles too are 
found. 
For the triangle either will have equal sides or it will 
not. First therefore let AB and AC be equal. It is clear 
that the halves of chords subtending twice those sides 
will be equal. And let these halves be BE and CE, which 
on account of being at an equal distance from the centre A 
of the sphere will cut one another at point EF in DE the rE 
common section of the circles, as is clear from Euclid, 11, 
Def. 4, [264] and its converse. 
But by Euclid, m1, 3, in plane ABD 
angle DEB =90°; P 
and in plane ACD similarly 
angle DEC =90°. 
Therefore by Euclid, x1, Def. 3, BEC is the angle of inclination of the Bias 
and we shall find it as follows; for since there is a straight line subtending BC, 
we shall have a rectilinear ee BEC with its sides given on account of their 
ares being given; and then since the angles may be found, we shall have the 
angle BEC, which was sought, 7.e., we shall have the spherical angle BAC; and 
we shall have the others as above. 
But if the triangle is scalene, as in the second figure, it is clear that the halves 
B of the chords subtending twice the sides will by no means 
touch one another. For if 
arc AC >arc AB, 
as then, as 
Cc CF =\% ch. 2 AC, 
= CF will fall lower down. But if 
F arc AC <arce AB, 
then CF will fall higher up, according as such lines become 
c nearer and farther away from the centre, by Euclid, 1m, 
15. Now however let FG be drawn parallel to BE; and at 
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point G let it cut BD the common section of the two circles [AB and BC]. And 
let GC be joined. Therefore it is clear that 
angle EFG=angle AEB=90° 
And too 
angle EFC =90°; 
for 
CF=W ch. 2 AC. 
Therefore angle CFG will be the angle of section of circles AB and AC; and we 
shall find this angle too. For 
DF : FG=DE : EB, 
since triangles DFG and DEB are similar. Therefore FG is given in the parts 
wherein FC is also given; and 
DG: DB=DE: EB. 
Hence DG will be given in the same parts whereof DC has 100,000. But as the 
angle GDC is given through the are BC, therefore by the second theorem on 
plane triangles the side GC is given in the same parts wherein the remaining 
sides of the plane triangle GFC are given. Therefore by the last theorem on plane 
triangles we shall have the angle GFC, 7.e., the spherical angle BAC, which was 
sought; and then we shall find the remaining angles by the eleventh theorem 
on spherical triangles. 
XIV 
If a given arc of a circle 1s cut anywhere so that both of the segments together are less 
than a semicircle, and tf the ratio of half of the chord subtending twice one segment 
to the half of the chord subtending twice the other segment is given, [26"] the arcs 
of those segments will also be given. 

For let arc ABC be given, around centre D; and let ABC be cut at point B 
anywhere, but in such a way that the segments 
are less than a semicircle; and let 

% ch. 2 AB: % ch. 2 BC 
be somehow given in length: I say that the ares 
AB and BC are also given. 

For let the straight line AC be drawn, which 
the diameter cuts at point /; and from the ter- 
mini A and C let the perpendiculars AF and CG 
fall upon the diameter. And of necessity 

AF=l4ch.2 AB 
and 

CG= 4 ch. 2 BC. 
Therefore in the right triangles AFF and CEG 

angle AEF =angle CEG, 
because they are vertical angles. And the tri- 
angles which are therefore equiangular and simi- 
lar have the sides opposite the equal angles proportional: 
AF :CG=AE: EC. 

Therefore we shall have AE and EC in the parts wherein AF or GC has been 
given. But the chord subtending are ABC is given in the parts wherein the 
radius DEB, AK the half of chord AC, and the remainder EK are given. Let 
DA and DK be joined, and they will be given in the parts wherein BD is given: 
DK will be given as half of the chord subtending the remaining segment which 
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is supplementary to are ABC and is comprehended by angle DAK. And there- 
fore angle ADK is given, which comprehends half of are ABC. But in the tri- 
angle EDK having two sides given and angle HKD right, angle EDK will also 
be given. Hence the whole angle EDA comprehending the arc AB will be given. 
Thereby also the remainder CB will be manifest. And it was this that we were 
trying to show. 
XV 
If all the angles of a triangle are given, even though none is a right angle, all the 
sides are given. 

Let there be the triangle ABC, all the angles of which are given but none 
of which is right. I say that all the sides are given too. 

For from some one of the angles, say A, drop the arc AD through the poles of 
CB. AD will cut BC at right angles, and it will fall within the triangle, un- 
less one of the angles at the base—angle B or angle C—is obtuse and the 
other acute. If that were the case, the arc would have to be drawn from the ob- 
tuse angle to the base. So with the quadrants BAF, : 


CAG, and DAE completed and with B and C’ as 
poles, let the arcs HF and EG [27°] be drawn. G 
Therefore F 
angle F=angle G=90°. 
Therefore in the right triangle HAP 
l4ch.2 AE: 4%ch.2 EF =ldmt. sph. :4ch.2 HAF. 
Similarly in right triangle AEG 
W4ch.2AE:ch.2 EG=14dmt. sph. :)4ch.2 ZAG. 
Therefore, ex aequalz, 


lgch.2EF : 4% ch. 2 EG=\% ch. 2 HAF: 4% ch. 2 


EAG. Cc 
And because ares FE and EG are given, since 

arc FE =90°— angle B D 
and 


are EG=90°—angle C; 

thence we shall have the ratio between angles EAF and EAG given, 2.e., the 
ratio between BAD and CAD, which are their vertical angles. Now the whole 
angle BAC has been given; therefore by the foregoing theorem, angles BAD 
and CAD will also be given. Then by the fifth theorem we shall determine 
sides AB, BD, AC, CD, and the whole of arc BC. 

This much said enroute concerning triangles, according as they are neces- 
sary for our undertaking, will be sufficient. For if they had to be treated in 
greater detail, the work would be of unusual size. 
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SINCE we have expounded briefly the three terrestrial movements, by 
means of which we promised to demonstrate all the planetary appearances, now 
we shall fulfil our promise by proceeding from the whole to the parts and exam- 
ining and investigating particular questions to the extent of our powers. Now 
we shall begin with the best-known movement of all, the revolution of day and 
night—which we said the Greeks called vux@juepos and which we have taken 
as belonging wholly and immediately to the terrestrial globe, since from this 
movement arise the months, years, and other variously named periods of time, 
as number from unity. Therefore we shall say only a few words about the in- 
equality of days and nights, the rising and setting of the sun and of the parts 
of the ecliptic and the signs, and the consequences of this type of revolution; for 
many people have written about these subjects copiously enough and what they 
say is in harmony and agreement with our conceptions. It is of no importance 
if we take up in an opposite fashion what others have demonstrated by means 
of a motionless earth and a giddy world and race with them toward the same 
goal, since things related reciprocally happen to be inversely in harmony with 
one another. Nevertheless we shall omit nothing necessary. But no one should 
be surprised if we still speak of the rising and setting of the sun and stars, et 
cetera; but he should realize that we are speaking in the usual manner of speech 
which can be recognized by all and that we are nevertheless always keeping in 
mind that: “To us who are being carried by the Earth, the sun and the moon 
seem to pass over; and the stars return to their former positions and again 
move away.” 


1. ON THE CIRCLES AND THEIR NAMES 


We have said that the equator is the greatest of the parallel circles on the 
terrestrial globe described around the axis of its daily revolution and that the 
ecliptic is the circle through the middle [28*] of the signs under which the centre 
of the Earth moves in a circle in its annual revolution. 

But since the ecliptic crosses the equator obliquely; in proportion to the in- 
clination of the axis of the Earth to it, it describes in the course of the daily 
revolution two circles which touch it on either side of the equator, as if the farth- 
est limits to its obliquity. These circles are called the tropics. For on them the 
sun appears to make its ‘‘tropes,”’ z.e., its winter and summer changes of direc- 
tion. Whence the northern circle used to be called the tropic of the summer 
solstice and the other the tropic of the shortest day, as was set forth in our 
summary exposition of the circular movements of the Earth. 

Next follows the so-called horizon, which the Latins call the boundary circle; 
for it is the boundary between that part of the world which is visible to us and 
that part which lies hidden. All stars which set are seen to have their rising 
on it; and it has its centre on the surface of the Earth and its pole at the point 
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directly overhead. But since it is impossible to compare the Earth with the im- 
mensity of the heavens—for according to our hypothesis even the total distance 
between the sun and the moon is indiscernible beside the magnitude of the 
heavens—the circle of the horizon appears to bisect the heavens, as if it went 
through the centre of the world, as we demonstrated in the beginning. 

But when the horizon is oblique to the equator, it too touches on either side 
of the equator twin parallel circles, z.e., the northern circle of the always visible 
stars and the southern circle of the always hidden stars. The first circle was 
called the arctic, and the second the antarctic by Proclus and the Greeks; and 
they become greater or smaller in proportion to the obliquity of the horizon or 
the elevation of the pole of the equator?. 

There remains the meridian circle which passes through the poles of the 
horizon and through the poles of the equator too and hence is perpendicular to 
both circles. The sun’s reaching it gives us midday and midnight. 

But these two circles which have their centres on the surface of the Earth, 
i.e., the horizon and the meridian, are wholly consequent upon the movement of 
the Earth and upon our sight at some particular place. For the eye everywhere 
becomes as it were the centre of the sphere of all things which are visible to it on 
all sides. 

Furthermore all the circles assumed on the Earth produce circles in the heav- 
ens as their likenesses and images, as will be shown more clearly in cosmography 
and in connection with the dimensions of the Earth. And these circles at any 
rate are the ones having proper names, though there are infinite ways of desig- 
nating and naming others. 


2. ON THE OBLIQUITY OF THE ECLIPTIC AND THE DISTANCE OF THE 
Tropics AND How TuHry ARE DETERMINED 


[28>] Since the ecliptic lies between the tropics and crosses the equator ob- 
liquely, I therefore think that we should now try to observe what the distance 
between the tropics is and hence what the angle of section between the equator 
and the ecliptic is. For in order to perceive this by sense with the help of arti- 
ficial instruments, by means of which the job can be done best, it is necessary to 
have a wooden square prepared, or preferably a square made from some other 
more solid material, from stone or metal; for the wood might not stay in the 
same condition on account of some alteration in the atmosphere and might mis- 
lead the observer. Now one surface of it should be very carefully planed, and it 
should be of sufficient area to admit being divided into sections, that is, a side 
should be about 5 or 6 feet long. Now with one of the corners [of the square] as 
centre and with a side as radius, let a quadrant of a circle be drawn and divided 
into 90 equal degrees; and let each of the degrees be subdivided into 60 minutes, 
or whatever number can be taken. Next let a cylindrical pointer which has been 
well turned on a lathe be set up at the centre (of the quadrant) and fixed in such 
a way as to be perpendicular to the surface and to extend out from ita little, say 
perhaps a finger’s width or less. 

When the instrument has been prepared in this way, the next thing to do is to 
exhibit the line of the meridian on a piece of flooring which lies in the plane of 
the horizon and which has been made even as carefully as is possible by means 


1That is to say, the magnitude of the circle of the always visible stars varies inversely with 
the obliquity of the horizon and directly with the elevation of the poles of the equator. 
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of a hydroscope or ground-level, so as not to have a slope in any part of it. The 
piece of flooring should have a circle drawn on it and a cylinder erected at the 
center of the circle: we shall take observations and mark the point where at some 
time before midday the extremity of the shadow of the cylinder touches the cir- 
cumference of the circle. We shall do the same thing in the afternoon, and then 
shall bisect the are of the circle lying between the two points we have already 
marked. In this way a straight line drawn from the centre through the point of 
section will indicate infallibly for us the south and the north. 

Accordingly the plane surface of the instrument should be set up on this piece 
of flooring as a base and fixed perpendicular to it with the centre [of the quad- 
rant] to the south, so that a plumb-line from the centre would fall exactly at 
right angles to the meridian line. For it comes about in this way that the surface 
of the instrument exhibits the meridian circle. Hence on the days of summer and 
winter solstice the shadows of the sun at noon [29°] are to be observed according 
as they are cast by the pointer, or cylinder, from the centre [of the quadrant]; 
and some mark is to be made on the arc of the quadrant, so that the place of the 
shadow may be kept more surely. And we shall note down the centre of the 
shadow in degrees and minutes as accurately as is possible. For if we do this, the 
arc between the marked shadows—the summer—and winter—solstitial shadows 
—will be found and will show us the distance between the tropics and also the 
total obliquity of the ecliptic!. By taking half of the arc, we shall have the dis- 
tance of the tropics from the equator, and it will be clear what the angle of in- 
clination is between the equator and the ecliptic. 

Now Ptolemy took the interval between the aforesaid limits—the northern 
and the southern—as 47°42’40”, whereof the circle has 360°, as he found had 
been observed by Hipparchus and Eratosthenes before his time; and there are 
11” whereof the whole circle has 83°. Hence half the are—and half the arc has 
23°51'20”, whereof the circle has 360°—showed the distance of the tropics from 
the equator and what the angle of section with the ecliptic was. Accordingly 
Ptolemy believed that these things were invariably such and would always re- 
main so. But these distances have been found to have decreased continually 
from that time down to ours. For it has already been discovered by us and some 
of our contemporaries that the distance between the tropics is not more than 
46°58’ approximately and that the angle of section is 23°29’. Hence it is clear 
enough that the obliquity of the ecliptic is not fixed. More on this below, where 
we shall show by a probable enough conclusion that it was never greater than 
23°52’ and will not ever be less than 23°28’. 


3. ON THE ARCS AND ANGLES OF THE INTERSECTIONS OF THE EQuaTor, 
Ecuipric, AND Mpripian, By MrAns or WuicH DECLINATIONS 
AND Rigut AScENSIONS ARE DETERMINED, AND ON THE Com- 
PUTATION OF THESE ARCS AND ANGLES 


Accordingly as we were saying in the case of the horizon that the parts of the 
world have their risings and settings on it, we say that the meridian circle [29°] 
halves the heavens. During the space of twenty-four hours this circle is crossed 
by both the ecliptic and the equator and divides both of their circumferences 

1Since the distance between the sun and the Earth is imperceptible in relation to the radius 


of the sphere of the fixed stars, the centre of the quadrant may be taken as the centre of the 
sphere of the fixed stars. 
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by cutting them at the spring and at the autumnal intersection and in turn has 
its circumference divided by the arc intercepted by those two circles. Since they 
are all great circles, they form a spherical right triangle; for the angle is right 
where the meridian circle by definition cuts the equator described through its 
poles. Now the are of the meridian circle, or any are of a circle passing through 
the poles [of the equator] and intercepted in this way is called the declination of 
a segment of the ecliptic; and the corresponding arc on the equator is called the 
right ascension occurring at the same time as the similar arc on the ecliptic. 

All this is easily demonstrated in a convex triangle. For let the circle ABCD 
be a circle passing simultaneously through the poles of the ecliptic and of 
the equator—most people call this circle the F 
“‘colure’’—let the semicircle of the ecliptic be 
AEC, the semicircle of the equator BED; let 
the spring equinox be at point Z, the sum- 
mer solstice at A, and the winter solstice at 
C. Now let F be taken as the pole of daily 


D 
revolution, and on the ecliptic let B 
arc EG=30°, 
for example, and let it be cut off by FGH the c 


quadrant of a circle. 
Then it is clear that in triangle HGH 
side EG=30°, 
angle GEH is given, 
since at its least, in conformity with the greatest declination AB, 
angle GHH = 23°28’ 
where 4 rt. angles =360°; 


angle GHE =90°. 
Therefore by the fourth theorem on sphericals, triangle HHG will have its sides 
and angles given. For it was shown that 
ch. 2 EG: ch. 2 GH =ch. 2 AGE, or dmt. sph. : ch. 2 AB 
and their halves are in the same ratio. And since 
4 ch. 2 AGH =radius= 100,000, 
4 ch. 2 AB=39,822, 


1% ch. 2 EG =50,000; 
and since, if four numbers are proportional, the product of the means is equal to 
the product of the extremes; therefore 


1 sl 

and hence, by the table, cok AC REPL E 

arciG H1.1329% 
which is the declination of segment EG, 

side FG=78°31’, 

side AG=60°, 

since they are the remainders of the quadrants, and 

angle FAG =90°. 
In the same way 


[807] 44 ch. 2 F@: 4 ch. 2 AG=1% ch. 2 FGH : % ch. 2 BH. 
Now since three of these chords are given, the fourth will also be given, that is 
to say, 


and 


and 


arc BH =62°6’, 
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which is the right ascension from the summer solstice, and 
HE =27°54' 
from the spring equinox. Similarly, since 
side FG=78°31’, 
side AF = 64°30’, 
and 
AGE =90°; 
then, since angles AGF and HGE are vertical angles, 
angle AGF = angle HGE =63°2914’. 

In the rest we shall do as in this example. But we should not be ignorant of 
the fact that the meridian circle cuts the ecliptic at right angles in the signs 
where the ecliptic touches the tropics, for then the meridian circle cuts it through 
its poles, as we said. But at the equinoctial points the meridian makes an angle 
less than a right angle by the angle of inclination of the ecliptic, so that in con- 
formity with the least inclination of the ecliptic it makes an angle of 66°32’. 

Moreover we should note that equal sides and equal angles of the triangles 

follow upon equal ares of the ecliptic being 
K taken from the points of solstice or equinox. 
In this way if we draw the equatorial are ABC 
and the ecliptic BDE as intersecting at point 
D B, where the equinox is, and if we take as 
equal the arcs FB and BG and also arcs KFL 
¢ and HGM two quadrants of circle described 
A through the poles of daily revolution; there 
pm 4 will be the two triangles FLB and BMG, 
tae | E wherein 
side BF =side BG 
angle FLB=angle GBM 
and 
H angle FLB =angle GMB=90°. 
Therefore by the sixth theorem on spherical 
triangles the sides and angles are equal. Hence 
declination FL =declination GM 
rt. ascension LB=rt. ascension BM 
and 
angle LFB=angle MGB. 

This same fact will be manifest upon the assumption of equal ares described 
from a point of solstice, for example, when AB and BC on 
different sides of their point of contact B, the solstice, are D 
equally distant from it. For when the arcs DA and DB [and 
DC] have been drawn from the pole of the equator, there 
will similarly be the two triangles ABD and DBC. 

Then . 

base AB=base BC 
side BD is common B 
and A € 
angle ABD=angle CBD =90°. 
Aecordingly by the eighth theorem on sphericals the tri- 
angles will be shown to have equal sides and angles. It is clear from this that such 
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angles and arcs laid out in one quadrant of the ecliptic [30°] are in accord with 
the remaining quadrants of the full circle. 

We shall subjoin an example of these things in the tables. In the first column 
are placed the degrees of the ecliptic; in the following column, the declinations 
answering to those degrees; and in the third column the minutes, which are the 
differences between the particular declinations and the declinations which oceur 
at the time of greatest obliquity of the ecliptic: the greatest of these differences 
is 24’. 

We shall do the same thing in the table of ascensions and the table of meridian 
angles. For it is necessary for all things which are consequences of the obliquity 
of the ecliptic to be changed with a change in it. Furthermore, in the right as- 
censions an extremely slight difference is found, one which does not exceed 
V4 “time” and which in the space of an hour makes only 1450 ‘“‘time.’’—The 
ancients give the name of “‘time”’ to the parts of the equator which arise together 
with the parts of the ecliptic. Each of these circles, as we have often said, has 
360 parts; but in order to distinguish between them, most of the ancients called 
the parts of ecliptic ‘“‘degrees’’ and those of the equator “‘times’’; and we will 


TABLE OF DECLINATIONS OF THE DEGREES OF THE ECLIPTIC 


Eclip- Differ- Eclip- Differ- Eclip- Differ- 


tic | Declination | ence tic | Declination! ence tic | Declination | ence 
Deg. | Deg. Min.| Min. Deg. | Deg. Min.| Min. Deg. | Deg. Min.| Min. 
1 0 24 0 31 11,,, 50 11 61 20,—"25 20 
2 48 1 * 32 te Ld 12 62 20 35 2k 
3 arte i 1 33 12h on 12 m 63 20 47 on 
4 1 36 2 34 igs 32 13 64 20 58 aI 
5 2 0 2 35 1312 13 65 21 9 21 
6 2 23 2 36 Is. . 2 14 66 21 20 22 
7 2 47 3 37 1352 14 67 21 30 22 
8 3 ill 3 38 14 12 14 68 21 40 22 
9 3 35 4 39 143i 14 69 21 49 22 
10 3. 658 4 40 14 + 50 14 70 21. , 58 22 
ie 4 22 4 4l 15 9 15 71 22 7 22 
12 4 45 4 42 15 od 15 72 22 “15 23 
13 5 9 5 43 15 46 16 73 22 23 23 
14 5 82 5 44 16 4 16 74 22 #830 23 
15 5 56 5 45 16 22 16 75 22 37 23 
16 6 19 6 46 16°~ 39 17 76 22 44 23 
17 6 41 6 47 16 §=56 17 77 22 50 23 
18 7 4 7 48 iMWiw JS 17 78 22 1.59 23 
19 71,0 2% 7 49 17 + 30 18 79 23 1 24 
20 7 49 8 50 17 + =46 18 80 23 3) 24 
21 8.12 8 51 18 i 18 81 23ee4 10 24 
22 8 34 8 52 18 calif 18 82 2B pte AG 24 
23 5 9 53 13.” oe 19 83 2a OA 24 
24 9 19 9 54 18 47 19 84 23 20 24 
25 9 41 9 55 19 2 19 85 23 22 24 
26 10 3 10 56 19 16 19 86 23 =24 24 
2d 10, ,26 10 57 19 30 20 87 23. 26 24 
28 | 10 46 10 58 19 44 20 88 23° 7 24 
29 11 8 10 59 19. 57 20 89 28 28 24 
30 11 = 29 11 60 20 10 20 90 23 28 24 
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copy them for the remainder of the work.—Therefore since the difference is so 
small that it can be properly neglected, we are not peeved at having to place it 
in a separate column. 

Hence these tables can be made to apply to any other obliquity of the eclip- 
tic, if in conformity with the ratio of difference between the least and greatest 
obliquity of the ecliptic we make the proper corrections. For example, if with 
an obliquity of 23°34’ we wish to know how great a declination follows from 
taking a distance of 30° from the equator along the ecliptic, we find that in the 
table there are 11°29’ in the column of declinations and 11’ in the column of 
differences. These 11’ would be all added in the case of the greatest obliquity of 
the ecliptic, which is, as we said, an obliquity of 23°52’. But it has already 
been laid down that the obliquity is 23’34’ and is accordingly greater than the 
least obliquity by 6’, which are one quarter of 24’, which is the excess of the 
greatest obliquity over the least. Now 

3’: 11’=6': 24’. 
When I add 3’ to the 11°29’, I shall have 11°32’, which will then measure the 
declination of the are of the ecliptic 30° from the equator. 


TABLE oF RiGHT ASCENSIONS 


Echip- Differ- Eclip- Differ- | Eclip- Differ- 
tic Equator ence tic Equator ence tic Equator ence 
Deg. \Times Min.| Min. Deg. |Times Min.| Min. Deg. \Times Min.| Min. 
1 QO: Sse 0 31 28 8654 4 61 58 51 4 
2 1 50 0 32 29 ~=«éO6 4 62 59 8654 4 
3 2 45 0 33 30 = 50 4 63 GU> oa 4 
+ 3 40 0 34 31 = 46 4 64 62 0 4 
5) 4 35 0 35 32 45 4 65 63 3 4 
6 9 30 0 36 330 48 5) 66 64 6 3 
cj 6 25 '. 37 34 = Al 5 67 65 “) 3 
8 & 20 1 38 35 6. 40 5) 68 66 13 3 
9 a3 I 1 39 36 =. 338 5) 69 67 8617 3 
10 S I 40 3037 5) 70 68 21 3 
11 10 6 1 4] 38 36 5 71 Cr 6a 3 
12 11 0 2 42 39 = 35 5) 72 (,) a.) 3 
13 Ii. FF 2 43 40 34 5) 73 (ons, 3 
14 12 38652 2 44 41 33 6 74 72 ~—=—-338 2 
15 13 48 2 45 42 32 6 75 73 = «48 2 
16 14. 43 2 46 433i 6 76 74, AT 2 
17 15 39 2 47 44 32 5 77 See tlic 2 
18 16 =34 3 48 45 32 5 78 76 57 2 
19 Fe eSB 3 49 46 32 5) 79 78 2 2 
20 1S AQF 3 50 TES 5) 80 79 7 2 
21 19, 3 3 51 48 34 9) 81 80 12 | 
22 20.19 3 52 49 ...35 5) 82 81.17 1 
23 Zl os bd 3 53 50. =. 36 5) 83 $25 dap 1 
24 22 . 10 4 54 a} V4 5) 84 83 27 1 
25 23 9 4 5) 52 38 4 85 84 33 1 
26 24 6 4 56 5341 4 86 $0) 38 0 
27 25 3 4 or D4 «43 4 87 86 86438 0 
28 26 0 4 58 95 «= 45 4 88 87 48 0 
29 26. 5% 4 59 5646 4 89 88 54 0 
30 2754 4 60 57 = 48 4 90 90 0 0 
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The same thing can be done in the table of meridian angles and right ascen- 
sions, except that we must always add the differences in the case of right as- 
censions but subtract them in the case of the meridian angles, so that everything 
may proceed correctly in conformity with the time. 


TABLE OF THE MERIDIAN ANGLES 
Eclip- 


Eclip- Differ- Eclip- Differ- Differ- 
tic ngle ence tic Angle ence tic Angle ence 
Deg. | Deg. Min.| Min. Deg. | Deg. Min.| Min. Deg. | Deg. Min.| Min. 
| 66 32 24 31 69 35 24 61 78 vr 12 
Zz 66 33 24 32 69 48 PA 62 18, 29 12 
3 66 34 24 33 79 0 20 63 7 est! Le 
4 66 "35 24 34 10 "To 20 64 79 ~=«14 ih 
5 66 «37 24 35 TrrreZ6 20 65 79 ~=36 et 
6 66 39 24 36 70 = 339 20 66 79 ~=59 10 
i 66 42 24 37 70)| & 38 20 67 SOT 22 10 
8 66 44 24 38 71 r 19 68 80 45 10 
9 66 47 24 39 Fat 422 19 69 81 9 9 
10 66 865i 24 40 7) © 36 19 70 Sl 3a 9 
11 66 55 24 41 tL 62 19 vill 81 58 8 
12 66 9d9 24 42 #2 8 18 72 SZ.” 22 8 
13 67 4 23 43 72 = 24 18 73 82 46 wi 
14 Gyan gl 23 44 72) . 39 18 74 83s 11 7 
15 67 15 23 45 72 ~=55 17 75 83, 36 6 
16 Ga ZF 23 46 7o «ft 17 76 84 0 6 
17 67 827 23 47 730 8 17 77 84 25 6 
18 67 = 4 23 48 73 (47 17 78 84 850 5 
19 67 = 41 23 49 74 6 16 79 85 6 «16 5 
20 67 8649 23 50 74 = =-24 16 80 85 §640 4 
24 67 38656 23 51 74 =42 16 81 86 5 4 
22 68 4 22 52 75 1 15 82 86 =630 3 
23 68 138 22 53 7 22 15 83 SE 55 3 
24 68 22 22 54 75 = 40 15 84 87 =—.:19 3 
25 68 32 22 55 76 1 14 85 SF 5a 2 
26 68 41 22 56 76 = 21 14 86 88 17 2 
27 6S Sf 22 57 76 = 42 14 87 88 41 1 
28 69 2 21 58 77 3 13 88 89 6 1 
29 69 13 21 59 (a: 13 89 89 = 38 0 
30 69 24 2h 60 77 ~=— 45 13 90 90 0 0 


4. How To DETERMINE THE DECLINATION AND RigHt ASCENSION OF ANY 
Srar Wuicu Is PLAcED OUTSIDE THE EcurieTic BUT WHOSE LONGITUDE 
AND LATITUDE Havi BEEN ESTABLISHED; AND WITH WHAT 
DEGREE OF THE Ecuiptic It HALVES THE HEAVENS 


[32>] These things have been set down concerning the ecliptic and the equa- 
tor and their intersections. But as regards the daily revolution, it is of interest 
not only to know what parts of the ecliptic appear, by means of which the 
causes of the sun’s appearing where it does are discovered, but also to know 
that there is a similar demonstration of the declination from the equator and of 
the right ascension in the case of those fixed or wandering stars which are out- 
side the ecliptic but whose longitude and latitude have been given. 

Therefore let the circle ABCD be described through the poles of the equator 
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and of the ecliptic; let AEC be the semicircle 
of the equator above pole F; let BED be the 
semicircle of the ecliptic about pole G; and let 
its intersection with the equator be at point 
E. Now from the pole G let the are GHKL be 
drawn through a star, and let the position of 
the star be given as point H, and let FHMN a 
quadrant of a circle fall through H from the 
pole of daily movement. 

Then it is clear that the star which is at H 
falls upon the meridian at the same time as 
points Mf and N do, and that are HMN is the 
declination of the star from the equator, and ; 

EN is its ascension in the right sphere, and those are what we are seeking. 
Accordingly since in triangle KEL 
side KE is given, 
angle KEL is given, 


and 
angle EKL=90°, 
therefore by the fourth theorem on spherical triangles, 
side KL is given, 
side EL is given, 
and 
angle KLE is given. 
Therefore by addition 
arc HKL is given. 
And on that account, in triangle HLN, 
angle HLN is given, 
angle LNH =90°, 
and 
side HL is given. 
Therefore by the same fourth theorem on sphericals there are also given the re- 
maining sides: HN the declination of the star, and LN, and the remaining dis- 
tance NE, the right ascension, which measures the distance the sphere turns 
from the equinox to the star. 

—Or in another way. If in the foregoing you take KE the arc of the ecliptic 
as the right ascension of LE, conversely LE will be given by the table of right 
ascensions; and so will LA, as the declination corresponding to LE; [334] and 
the angle KLE will be given by the table of meridian angles; and hence the 
remaining sides and angles, as we have showed, may be learned.— 

Then by means of.the right ascension EN, the number of degrees of EM the 
arc of the ecliptic are given. And in conformity with these things the star to- 
gether with point J halves the heavens. 


5. ON THE SECTIONS OF THE HORIZON 


Now the horizon of a right sphere is different from the horizon of an oblique 
sphere. or the horizon to which the equator is perpendicular, or which passes 
through the poles of the equator, is called a right horizon. 
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We call the horizon which has some inclination with the equator the horizon 
of an oblique sphere. 

Therefore on a right horizon all the stars rise and set, and the days are always 
equal to the nights. For this horizon bisects all the parallel circles described by 
the diurnal movement, and passes through their poles; and there occurs there 
what we have already explained in the case of the meridian circle. Here, how- 
ever, we are taking the day as extending from sunrise to sunset, and not from 
light to darkness, as the crowds understand it, 7.e., from early morning twilight 
to the first street lights; but we shall say more on this subject in connection 
with the rising and setting of the signs. 

On the contrary, where the axis of the Earth is perpendicular to the horizon 
there are no risings or settings, but all the stars turn in a gyre and are always 
visible or hidden, unless they are affected by some other motion, such as the 
annual movement around the sun. Consequently, there day lasts perpetually 
for the space of half a year and night for the rest of the time; and there is 
nothing else to differentiate summer and winter, since there the horizon coin- 
cides with the equator. 

Furthermore, in an oblique sphere certain stars rise and set; and certain others 
are always visible or always hidden; and meanwhile the days and nights are un- 
equal there where an oblique horizon touches two parallel circles in proportion 
to its inclination. And of these circles, the one nearer the visible pole is the 
boundary of the always visible stars, and conversely the circle nearer the hidden 
pole is the boundary for the always hidden stars. Therefore the horizon, as fall- 
ing completely between these boundaries, cuts all the parallel circles in the 
middle into unequal arcs, except the equator, which is the greatest of the paral- 
lels; and great circles bisect one another. Therefore an oblique horizon in the 
upper hemisphere cuts off arcs of parallels in the direction of the visible pole 
which are greater than the arcs which are toward the southern and hidden [33°] 
pole; and the converse is the case in the hidden hemisphere. The sun becomes 
visible in these horizons by reason of the diurnal movement and causes the 
inequality of days and nights. 


6. Wuat THE DIFFERENCES BETWEEN THE Mippay SHADOWS ARE 


There are differences between the midday shadows on account of which some 
people are called periscian, others amphiscian, and still others heteroscian. The 
periscian are those whom we might call “circumumbratile,” that is to say, 
“throwing the shadow of the sun on every side.”’ And they live where the dis- 
tance between the vertex, or pole, of the horizon and the pole of the Earth is 
less or no greater than that between the tropic and the equator. For there the 
parallels which the horizon touches as the boundaries of the always apparent or 
always hidden stars are greater than, or equal to, the tropics. And so the summer 
sun high up among the always apparent stars at that time throws the shadow of 
a pointer in every direction. But where the horizon touches the tropics, the trop- 
ics become the boundaries of the always apparent and the always hidden stars. 
Wherefore instead of there being midnight the sun at its [winter] solstice seems 
to graze the Earth, at which time the whole circle of the ecliptic coincides with 
the horizon; and straightway six signs rise at the same time, and on the opposite 
side six signs set at the same time, and the pole of the ecliptic coincides with the 
pole of the horizon. 


REVOLUTIONS OF HEAVENLY SPHERES, II 567 


The amphiscian, who cast midday shadows on both sides, are those who live 
between the tropics. This is the space which the ancients called the middle zone. 
And since throughout that whole tract the circle of the ecliptic passes directly 
over head twice, as is shown in the second theorem of the Phaenomena of Euclid, 
the shadows of pointers are cast in two directions there: for as the sun moves 
back and forth, the pointers throw their shadows sometimes to the south and 
sometimes to the north. 

The rest of us who inhabit the region between the two others are heteroscian, 
because we cast our midday shadows in only one direction. 7.e., towards the 
north. 

Now the ancient mathematicians were accustomed to divide the world into 
seven climates, through Meroé, Siona, Alexandria, Rhodes, the Hellespont, the 
middle of the Pontus, Boristhenes, Byzantium, and so on with the single parallel 
circles taken according to the differences between the longest days and accord- 
ing to the lengths of the shadows, which they observed by means of pointers 
at noon on the days of equinoxes and solstices, and [34°] according to the eleva- 
tion of the pole or the latitude of some segment. Since these things have partly 
changed through time, they are not exactly the same as they once were, on ac- 
count of the variable obliquity of the ecliptic, as we said, of which the ancients 
were ignorant; or, to speak more correctly, on account of the variable inclina- 
tion of the equator to the plane of the ecliptic, upon which these things depend. 
But the elevations of the pole or the latitudes of the places and the equinoctial 
shadows agree with those which antiquity discovered and made note of. That 
would necessarily take place, since the equator depends upon the pole of the 
terrestrial globe. Wherefore those segments are not accurately enough desig- 
nated and defined by shadows falling on special days, but more correctly by 
their distances from the equator, which remain perpetually. But although this 
variability of the tropics, because very slight, admits but slight diversity of 
days and of shadows in southern places, it becomes more apparent to those who 
are moving northward. Therefore as regards the shadows of pointers, it is clear 
that for any given altitude of the sun the length of the shadow is derivable and 
vice versa. 

In this way if there is the pointer AB which casts a shadow BC; since the 
pointer is perpendicular to the plane of the horizon, angle ABC must always 
be right, by the definition of lines perpendicular to a plane. Wherefore if AC be 
joined, we shall have a right triangle ABC; and for a given 
altitude of the sun we shall have angle ACB given. And A 
by the first theorem on plane triangles the ratio of the 
pointer AB to its shadow BC will be given, and BC will be 
given in length. Conversely, moreover, when AB and BC 
are given, it will be clear from the third theorem on plane 
triangles what angle ACB is and what the elevation of the 
sun making that shadow at that time is. In this way the 
ancients in describing the regions of the terrestrial globe 
gave the lengths of the midday shadows sometimes at the 8 C 
equinoxes and sometimes at the solstices. 
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7. How tHE Loncest Day, THE DISTANCE OF RISING, AND THE INCLINATION 
OF THE SPHERE ARE DERIVED FROM ONE ANOTHER, AND ON THE 
DIFFERENCES BETWEEN Days 


[34>] In this way too for any obliquity of the sphere or inclination of the hori- 
zon we will demonstrate simultaneously the longest and the shortest day to- 
gether with the distance of rising [of the sun] and the difference of the remaining 
days. Now the distance of rising is the arc of the horizon intercepted between 
the summer solstitial and the winter solstitial sunrises, or the sum of the dis- 
tances of the solstitial from the equinoctial sunrise. 

Therefore let ABCD be the meridian circle, and let BED be the semicircle 

of the horizon in the eastern hemisphere, and 

F let AEC be the similar semicircle of the equa- 

tor with F as its northern pole. Let point G be 

taken as the rising of the sun at the summer 

solstice, and let FGA the arc of a great circle 

be drawn. Therefore since the motion of the 

B C terrestrial sphere takes place around pole F of 

the equator, then necessarily points G and H 

will fit onto the meridian ABCD at the same 

time, since parallel circles are around the same 

poles through which pass the great circles 

which intercept similar arcs on the parallel cir- 

cles. Wherefore the selfsame time from the 

rising at G to midday measures also the arc 

AEH; and the time from midnight to sunrise 

measures CH the remaining and subterranean arc of the semicircle. Now AEC 

is a semicircle; and AE and EC are quadrants of circles, since they are drawn 

through the pole of ABCD. On that account, HH will be half the ditference 

between the longest day and the equinox; and EG will be the distance between 

the equinoctial and the solstitial sunrise. Therefore since in triangle HHG angle 

GEH, the obliquity of the sphere, is established by means of arc AB, and angle 

GHE is right, and side GH is given as the distance from the summer tropic to 

the equator; the remaining sides are also given by the fourth theorem on spheri- 

cals: side EH as half the difference between the longest day and the equinox, 

and side GE as the distance of sunrise. Moreover, if together with side GH side 

EH, (half] the difference between the longest day and the equinox, or else EG, 

is given; angle F of the inclination of the sphere is given, and hence FD the 
elevation of the pole above the horizon. 

But even if it is not the tropic but some other point G in the ecliptic which is 
taken, nevertheless ares EG and EH will become manifest: since by the table 
of declinations set out above GH the arc of declination for that degree of the 
ecliptic becomes known, and the rest can be demonstrated in the same way. 

Hence it also follows that the degrees of the ecliptic which are equally distant 
from the tropic cut off equal arcs of the horizon [385°] between the equinoctial 
sunrise and the same degrees and make the lengths of days and nights inversely 
equal. And that is so because the parallels which pass through each of those 
degrees of the ecliptic are equal, since each of the degrees has the same decli- 
nation. 
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But when equal arcs are taken between the equinoctial intersection and the 
two degrees [on the ecliptic], again the distances of rising are equal but in differ- 
ent directions; and the duration of days and nights are inversely equal, be- 
cause on each side of the equinox the durations describe equal arcs of parallels, 
according as the signs themselves which are equally distant from the equinox 
have equal declinations from the equator. 

For in the same figure let Gf and KN the ares of parallels be described cut- 
ting the horizon BED at points G and K, and 
let LKO a quadrant of a great circle be drawn 
from the south pole L. Therefore since 

declination HG=declination KO, 
there will be two triangles DFG and BLK, 
wherein two sides of the one are equal to two 
sides of the other: 


FG=LK 
and the elevations of the poles are equal, 
FD=LB, 
and 
angle D=angle B=90°. 
Therefore 


base DG=base BK; 
and hence, as the distances of sunrise are the 
remainders of the quadrants 
GE=EK. 
Wherefore since here too, 
side EG=side EK, 
side GH =side KO, 


and 
vertical angle KEO=vertical angle GEH; 
side EH =side EO. 
And 
EH +90° =OE+90°. 
Hence 


arc AEH =arc OEC. 

But since great circles described through the poles of parallel circles cut off 
similar ares, GM and KN will be similar and equal, as was to be shown. 
But all this can be shown differently. In the same way let the meridian circle 
ABCD be described with centre #. Let the diameter of the equator and the 
common section of the two circles be AEC; let BED be 
the diameter of the horizon and the meridian line, let 
LEM be the axis of the sphere; and let L be the apparent 
pole and Jf the hidden. Let AF be taken as the distance 
of the summer solstice or as some other declination; and 
to AF let GF be drawn as the diameter of a parallel and 
its common section with the meridian; FG will cut the 
axis at K and the meridian line at NV. 

Therefore, [35>] since by the definition of Posidonius 
those lines are parallel which neither move toward nor 
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move away from one another but which everywhere make the perpindicular 
lines between them equal, 
© 0 KE=l6 ch. 2 AF. 

Similarly KN will be half of the chord subtending twice the are of the parallel 
circle whose radius is FA. And twice this arc is the difference between the equi- 
noctial day and the other day. And this is true because all the semicircles of 
which these lines are the common sections and diameters—namely, BED of the 
oblique horizon, LEM of the right horizon, AEC of the equator, and FKG of 
the parallel—are perpendicular to the plane of circle ABCD. And by Euclid’s 
Elements, x1, 19, the common sections which they make with one another are 
perpendicular to the same plane at points £, K, and N: and by x1, 6, these com- 
mon sections are parallel to one another. 

And K is the centre of the parallel circle; and E is the centre of the sphere. 
Wherefore EN is half the chord subtending twice the arc of the horizon which is 
the difference between sunrise on the parallel and the equinoctial sunrise. There- 
fore, since the declination AF was given together with FL the remainder of the 
quadrant, KE half of the chord subtending twice arc AF and FK half the chord 
subtending twice arc FL will be established in terms of the parts whereof AE 
has 100,000. But in the right triangle KN angle KEN is given by DL the ele- 
vation of the pole, and the remaining angle KNE is equal to AEB, because in 
the oblique sphere the parallels are equally inclined to the horizon; and the 
sides are given in the same parts whereof the radius has 100,000. Therefore AN 
will be given in the parts whereof FK the radius of the parallel has 100,000; for 
KN is equal to half the chord subtending the arc which measures the distance 
between the equinoctial day and a day on the parallel; and this arc is similarly 
given in the degrees whereof the parallel circle has 360°. 

From this it is clear that : 

FK:KN=%ch.2FL:% ch. 2 AF comp. % ch.2 AB: 4% ch. 2 DL 
and 

4 ch. 2 FL: 4% ch. 2 AF comp. 4% ch.2 AB: 144 ch. 2 DL= 
FK:KE comp. EK: KN. 
That is to say, EK is taken as a mean between FK and KN. Similarly too 
BE:EN=BE: EK comp. KE: EN, 

as Ptolemy shows in greater detail by means of spherical segments. So I think 
that not only the inequality of days and nights can be determined; but also that 
in the case of the moon and the stars whose declination on the parallels described 
through them by the daily movement has been given, the segments [of the paral- 
lels] which are above the horizon can be distinguished from those which are be- 
low; and hence the risings and settings [of the moon or stars] can be easily un- 
derstood. 
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8. On THE Hours AND PARTS OF THE Day AND NIGHT — 


[38>] Accordingly it is clear from this that if from the table we take the differ- 
ence of days which correspond to the declination of the sun and is found under 
the given elevation of the pole and add it to a quadrant of a circle in the case of a 
northern declination and subtract it in the case of a southern declination, and 
then double the result, we shall have the length of that day and the span of 
night, which is the remainder of the circle. 

Any of these segments divided by 15 “‘times”’ will show how many equal hours 
there are [in that day]. But by taking a twelfth part of the segment we shall have 
the duration of one seasonal hour. Now the hours get their name from their day, 
whereof each hour is always the twelfth part. Hence the hours are found to have 
been called summer-solstitial, equinoctial, and winter-solstitial by the ancients. 

But there were not any others in use at first except the twelve hours from 
sunrise to sunset; and they divided the night into four vigils or watches. This 
set-up of the hours lasted a long time by the tacit consent of mankind. And for 
its sake were water-clocks invented: by the addition and subtraction of dripping 
water people adjusted the hours to the different lengths of days, so as not to 
have distinctions in time obscured by a cloud. But afterwards when equal hours 
common to day and night came into general use, as making it easier to tell the 
time, then the seasonal hours became obsolete, so that if you asked any ordinary 
person whether it was the first, third or sixth, ninth, or eleventh hour of the day, 
he would not have any answer to make or would make one which had nothing 
to do with the matter. Furthermore, at present some measure the number of 
equal hours from noon, some from sunset, some from midnight, and others from 
sunrise, according as it is instituted by the state. 


9. ON THE OBLIQUE ASCENSION OF THE PARTS OF THE ECLIPTIC AND How THE 
DEGREE WuicH Is IN THE MIDDLE OF THE HEAVENS Is DETERMINED 
wi1tH RESPECT TO THE DEGREE WuicHu Is RISING 


[39°] Now that the lengths and differences of days and nights have been ex- 
pounded, there follows in proper order an exposition of oblique ascensions, that 
is to say, together with what “‘times” [of the equator] the dodekatemoria, 7.e., 
the twelve parts of the ecliptic, or some other arcs of it, cross the horizon. For 
the differences between right and oblique ascensions are the same as the differ- 
ences between the equinox and a different 
day, as we set forth. Furthermore, the 
ancients borrowed the names of animals for 
twelve constellations of unmoving stars, and, 
beginning at the spring equinox, called them 
Aries, Taurus, Gemini, Cancer, and so on in 
order. | 

Therefore for the sake of greater clearness 
let the meridian circle ABCD be repeated; 
and the equatorial semicircle AEC and the 
horizon BED, which cut one another at point 
E. Now let point H be taken as the equinox. 
Let the ecliptic FHI pass through this point 
and cut the horizon at L; and through this 
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intersection let KLM the quadrant of a great circle fall from K the pole of the 
equator. Thus it is perfectly clear that are HL of the ecliptic and are HE of the 
equator cross the horizon together, but that in the right sphere [are HL] was 
rising together with are HEM. Arc EM is the difference between these ascen- 
sions; and we have already shown that it is half the difference between the 
equinox and the different day. But in a northern declination what was there 
added [to the quadrant of a circle] is here subtracted [from the right ascension]; 
but in a southern declination it is added to the right ascension, so that the as- 
cension may become oblique. And hence the extent that the whole sign or 
some other arc of the ecliptic has emerged may become manifest by means of 
the numbered ascensions from beginning to end. 

From this it follows that when some degree of the ecliptic is given, the rising 
of which has been measured from the equinox, the degree which is in the middle 
of the heavens is also given. For when the declination of a degree rising at L has 
been given as corresponding to are HL the distance from the equinox, and arc 
HEM is the right ascension, and the whole AHEM is the arc of half a day: tien 
the remainder AZ is given. And AZ is the right ascension of are FH, which is 
also given by the table, or because angle AHF the angle of section is given to- 
gether with side AH, and angle FAH is right. And so FHL the whole arc be- 
tween the degree rising and the degree in the middle of the heavens is given. 

Conversely, if the degree which is in the middle of the heavens, namely are 
FH, is given first, we shall also know the sign which [39°] is rising. For arc AF 
the declination will be known; and by means of the angle of obliquity of the 
sphere, arc AFB and arc FB the remainder will become known. Now in triangle 
BFL angle BFL and side FB are given by the above, and angle FBL is right. 
Therefore side FHL, which was sought, is given; or by a different method, as 
below. 


10. On THe ANGLE OF SECTION OF THE ECLIPTIC WITH THE HORIZON 


Moreover, as the ecliptic is oblique to the axis of the sphere, it makes various 
angles with the horizon. For we have already said in the case of the differences 
of the shadows that two opposite degrees of the ecliptic pass through the axis of 
the horizon of those who live between the tropics. But I think it will be sufficient 
for our purpose if we demonstrate the angles which we the heteroscian inhabi- 
tants find. By means of these angles the universal ratio of them may easily be 
understood. Accordingly I think it is clear enough that in the oblique sphere 
when the equinox or the beginning of Aries is rising, the more the greatest south- 
ward declination increases—and this declination is measured from the begin- 
ning of Capricorn which is in the middle of the heavens at this time—the more 
the ecliptic is inclined and verges towards the horizon; and conversely, when 
the ecliptic has a greater elevation [above the horizon], it makes a greater east- 
ern angle, when the beginning of Libra is emerging and the beginning of Cancer 
is in the middle of the heavens; since these three circles, the equator, the ecliptic, 
and the horizon, coincide in one common section at the poles of the meridian 
circle, and the arcs of the meridian circle intercepted by them show how great 
the angle of rising should be judged to be. 

But in order that the way of taking the measurements of the other parts of 
the ecliptic may be clear, again let ABC be the meridian circle, let BED be the 
semicircle of the horizon, let AEC be the semi-circle of the ecliptic, and let any 
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degree of the ecliptic be rising at E. F 

Our problem is to find how great angle AEB 
is, according as four right angles are equal to 
360°. Therefore since E is given as the rising 
degree, there are given by the foregoing the 
degree which is in the middle of the heavens 
and the are AE. oe 
And since sedinr ey 

angle ABE =90°; 
ch. 2AE : ch. 2AB=dmt. sph. : ch. 2 AEB. 
[40*] Therefore too 
angle AEB is given. 

But if the degree given is not rising but the 
degree in the middle of the heavens—and let 
it be A—nevertheless angle AEB will be the 
measure of the eastern angle or angle of rising. For with E as pole, let FGH 
the quadrant of a great circle be described, and let the quadrants EAG and 
EBH be completed. 
Therefore since 

meridian altitude AB is given, 


and 

AF=90°—AB, 
and by the foregoing 

angle FAG is given, 

and 

angle FGA =90°; 
therefore 

arc FG is given, 
and 


90°—FG=GH, 
which measures the sought angle of rising. Similarly, it is also made evident 
here how for the degree which is in the middle of the heavens the degree which 
is rising is given, because 
ch.2GH:2 AB = dmt. sph. : ch. 2 AE, 
as in spherical triangles. 

We are subjoining three sets of tables of these things. The first will be the 
table of ascensions in the right sphere, beginning with Aries and increasing by 
by sixtieth parts of the ecliptic. The second will be that of ascensions in the 
oblique sphere, proceeding by steps of 6° in the ecliptic, from the parallel for 
which there is a polar elevation of 39° to the parallel which has a polar elevation 
of 57°—increasing the elevation by 3°’s each time. The remaining table contains 
the angles made with the horizon and proceeds through the ecliptic by steps of 
6° beneath the same seven segments. These tables have been set up in accord- 
ance with the least obliquity of the ecliptic, namely 23°28’, which is approxi- 
mately right for our age. 
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11. On THE USE or THESE TABLES 


[42>] Now the use of these tables is clear from the demonstrations, since if 
we take the right ascension corresponding to the known degree of the sun and if 
for every equal hour measured from noon we add 15 ‘‘times”’ to it—not count- 
ing the 360° of the whole circle, if there is more than that—the sum of the right 
ascensions will show the degree of the ecliptic in the middle of the heavens at 
the proposed hour. 

Similarly if you do the same thing in the case of the oblique ascension of your 
region, you will have the rising degree of the ecliptic for the hour measured 
from sunrise. 

Moreover, in the case of certain stars which are outside the ecliptic but of 
which the right ascension has been established—as we taught above—by their 
right ascension from the beginning of Aries the degrees of the ecliptic which are 
in the middle of the heavens together with them are given according to the 
table; and by their oblique ascension the degree of the ecliptic which arises 
with them, according as the ascensions and parts of the ecliptic are placed in 
corresponding regions of the tables. It is possible to operate with the setting 
similarly but by means of the position opposite. 

Moreover, if to the right ascension in the middle of the heavens a quadrant 
of a circle is added, the sum is the oblique ascension of the rising degree. Where- 
fore the rising degree is given by means of the degree in the middle of the heav- 
ens, and vice versa. 

There follows the table of the angles of the ecliptic and the horizon, which 
are measured at the rising degree of the ecliptic. Hence it is understood how 
great the elevation of the 90th degree of the ecliptic is above the horizon; and 
it is particularly necessary to know that in the case of solar eclipses. 


12. ON THE ANGLES AND ARCS OF THE CircLES WuicH Pass THrouGgH 
THE POLES OF THE HORIZON AND INTERSECT THE SAME CIRCLE 
OF THE ECLIPTIC 


In what follows we shall expound the ratio of the angles and arcs made by 
the intersection of the ecliptic with the circles through the vertex of the horizon, 
in the cases wherein the intersections have some altitude above the horizon. 
But we spoke above concerning the meridian altitude of the sun or of any degree 
of the ecliptic which is in the middle of the heavens, and concerning the angle 
of section with the meridian, since [43] the meridian circle is also one of those 
circles which pass through the vertex of the horizon. Moreover we have already 
talked about the angle of the rising sign, the complementary angle to which is 
the angle which is comprehended by a great circle passing through the vertex 
of the horizon and by the rising ecliptic. Therefore there remain to be considered 
the mean sections, that is, the mean sections of the meridian circle with the 
semicircles of the ecliptic and the horizon. 

Let the above figure be repeated. Let G be taken as any point on the ecliptic 
between midday and the point of rising or setting. Through G from F the pole 
of the horizon let fall F@H a quadrant of a circle. 

“Hour” AGE is given 
as the whole arc of the ecliptic between the meridian and the horizon, and 
by hypothesis 
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AG is given. F 
Similarly, because 
meridian altitude AB is given, 
and 
meridian angle FAG is given; 
therefore 
AF is given. B 
And by what has been shown concerning 
spherical triangles, 
arc FG is given. 
And hence 
altitude of G is given, 
because 
90°—FG=GH. 
And 
meridian angle FAG is given. 
And those are what we were looking for. 

En route, we have taken from Ptolemy these truths about the angles and in- 
tersections of the ecliptic, and have referred ourselves to the geometry of 
spherical triangles. If anyone wishes to pursue this study at length, he can find 
by himself more utilities than we have given examples of. 


13. On THE RISING AND SETTING OF THE STARS 


The rising and setting of the stars also seems to depend upon the daily revo- 
lution, not only the simple risings and settings of which we have just spoken 
but also those which occur in the morning or evening; because although their 
occurrence is affected by the course of the annual revolution, it will be better to 
speak of them here. 

The ancient mathematicians distinguish the true risings and settings from the 
apparent. The morning rising of the star is true when the star rises at the same 
time as the sun; and the morning setting is true, when the star sets at sunrise; 
for morning is said to occur at the midpoint of this time. But the evening rising 
is true when the star rises at sunset; and the evening setting is true when the 
star sets at the same time as the sun; for evening is said to occur at the midpoint 
of this time, namely the time [43°] between the time which is beginning and the 
time which ceases with night. 

But the morning rising of a star is apparent when it rises first in the twilight 
before sunrise and begins to be apparent; and the morning setting is apparent 
when the star is seen to set very early before the sun rises. The evening rising is 
apparent when the star is seen to rise first in the evening; and the evening set- 
ting is apparent, when the star ceases to be apparent some time after sunset, and 
the star is occulted by the approach of the sun, until they come forth in their 
previous order at the morning rising. 

This is true of the fixed stars and of the planets Saturn, Jupiter, and Mars. 
But Venus and Mercury rise and set in a different fashion. For they are not 
occulted by the approach of the sun, as the higher planets are; and they are not 
uncovered again by its departure. But, coming in front, they mingle with the 
radiance of the sun and free themselves. But when the higher planets have an 
evening rising and a morning setting, they are not obscured at any time, so as 
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not to traverse the night with their illumination. But the lower planets remain 
hidden indifferently from sunset to sunrise, and cannot be seen anywhere. There 
is still another difference, namely that in higher planets the true morning risings 
and settings are prior to the apparent ones; and the evening risings and settings 
are posterior to the apparent, according as in the morning they precede the ris- 
ing of the sun and in the evening follow its setting. But in the lower planets the 
apparent morning and evening risings are posterior to the true, while the ap- 
parent settings are prior to the true. 

Now it can be understood from the above, where we expounded the oblique 
ascension of any star having a known position, how [the risings and settings] may 
be discerned, and together with what degree of the ecliptic the star rises or sets 
and at what position, or degree opposite—if the sun has become apparent by 
that time—the star has its true morning or evening rising or setting. The ap- 
parent risings and settings differ from the true according to the clarity and mag- 
nitude of the star, so that the stars which give a more powerful light are less 
dimmed by the rays of the sun than those which are less luminous. And the 
boundaries of occultation and apparition are determined in the lower hemi- 
sphere, between the horizon and the sun, on the arcs of circles which pass 
through the poles of the horizon. And the limits are 12° for the primary stars, 
11° for Saturn, 10° for Jupiter, 1114° for Mars, 5° for Venus, and 10° for Mer- 
cury. But in this whole period during which what is left of daylight yields to 
night—this period embraces twilight, or dusk—there are 18° of the aforesaid 
circle. When the sun has traversed these degrees, the smaller stars too begin ro 
be apparent. By this distance the mathematicians determine [44*] a parallel 
below the horizon in the lower hemisphere, and they say that when the sun has 
reached this parallel, day has ended and night has begun. Therefore when we 
have learned with what degree of the ecliptic the star rises or sets and what the 
angle of section of the ecliptic with the horizon at that point is, and if then too 
we find as many degrees of the ecliptic between the rising degree and the sun as 
are sufficient to give the sun an altitude below the horizon in accord with the 
prescribed limits of the star in question; we shall pronounce that the first 
emergence or occultation of the star has taken place. 

But what we have expounded, in the foregoing explanation, in the case of the 
altitude of the sun above the Earth agrees in all respects with its descent below 
the Earth. For there is no difference in the corresponding positions; and conse- 
quently those stars which are setting in the visible hemisphere are rising in the 
hidden hemisphere; and everything is the converse, and is easy to understand. 
What has been said concerning the rising and setting of the stars and the daily 
revolution of the terrestrial globe shall be sufficient. 


14. On INVESTIGATING THE POSITIONS OF THE STARS AND THE 
CATALOGUE OF THE FIXED STARS 


After the daily revolution of the terrestrial globe and its consequences have 
been expounded by us, the demonstrations relating to the annual circuit ought 
to follow now. But since some of the ancient mathematicians thought the phe- 
nomena of the fixed stars ought to come first as being the first beginnings of this 
art, accordingly we decided to act in accordance with this opinion, as among our 
principles and hypotheses we had assumed that the sphere of the fixed stars, to 
which the wanderings of all the planets are equally referred, is wholly immobile. 
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But no one should be surprised at our following this order, although Ptolemy in 
his Almagest held that an explanation of the fixed stars could not be given, un- 
less knowledge of the positions of the sun and moon had preceded it, and ac- 
cordingly he judged that whatever had to do with the fixed stars should be put 
off till then. We think that this opinion must be opposed. But if you understand 
it of the numbers with which the apparent motion of the sun and moon is com- 
puted perhaps the opinion will stand. For Menelaus the geometer discovered the 
positions of many stars by means of the numbers relating to their conjunctions 
with the moon. [44>] But we shall do a much better job if we determine a star by 
the aid of instruments after examining carefully the positions of the sun and 
moon, as we will show how in a little while. We are even admonished by the 
wasted attempt of those who thought that the magnitude of the solar year could 
be defined simply by the equinoxes or solstices without the fixed stars. We shall 
never agree with them on that, so much so that there will nowhere be greater 
discord. Ptolemy called our attention to this: when he had evaluated the solar 
year in his time not without suspicion of an error which might emerge with the 
passage of time, he admonished posterity to examine the further certainty of 
the thing later on. Therefore it seemed to us to be worth the trouble to show 
how by means of artificial instruments the positions of the sun and moon may 
be determined, that is, how far distant they are from the spring equinox or some 
other cardinal points of the world. The knowledge of these positions will afford 
us some facilities for investigating the other stars, and thus we shall be able to 
set forth before your eyes the sphere of the fixed stars and an image of it em- 
broidered with constellations. 

Now we have set forth above with what instruments the distance of the 
tropics, the obliquity of the ecliptic, and the inclination of the sphere, or the al- 
titude of the pole of the equator, may be determined. In the same way we can 
determine any other altitude of the sun at midday. This altitude will exhibit to 
us through its difference from the inclination of the sphere how great the dec- 
lination of the sun from the equator is. Then by means of this declination the 
position of the sun at midday will become clear as measured from the solstice 
or the equinox. Now the sun seems to traverse approximately 1° during the 
space of 24 hours; 214’ come as the hourly allotment. Hence its position at any 
other definite hour will easily be determined. 

But for observing the positions of the moon and stars another instrument is 
constructed, which Ptolemy calls the astrolabe. For let two circles, or rather 
four-sided rims of circles, be constructed in such a way that they may have their 
concave and convex surfaces at right angles to the plane sides. These rims are to 
be equal and similar in every respect and of a suitable size, in order not to be- 
come hard to handle through being too large, though they must be of sufficient 
amplitude to be divided into degrees and minutes. Their width and thickness 
[452] should be at least one thirtieth of the diameter. Therefore they are to be 
fitted together and joined at right angles to one another, having their convex 
sides as it were on the surface of the same sphere, and their concave sides on the 
surface of another single sphere. Now one of the circles should have the relative 
position of the ecliptic; and the other, that of the circle which passes through 
both poles, z.e., the poles of the equator and of the ecliptic. Therefore the circle 
of the ecliptic is to be divided along its sides into the conventional number of 
360°, which are again to be subdivided according to the capacity of the instru- 
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ment. Moreover, when quadrants on the other circle have been measured from 
the ecliptic, the poles of the ecliptic should be marked on it; and when a distance 
proportionate to the obliquity has been measured from those points, the poles of 
the equator are also to be marked down. When these circles are finished, two 
other circles should be prepared and constructed around the same poles of the 
ecliptic: they will move about these poles, one circle inside and one circle out- 
side. They should be of equal thicknesses between their plane surfaces, and the 
width of their plane surfaces should be equal to that of the others; and they 
should be so constructed that at all points the concave surface of the larger will 
touch the convex surface of the ecliptic; and the convex surface of the smaller, 
the concave surface of the ecliptic. Nevertheless do not let their revolutions be 
impeded, but have them able to traverse freely and easily both the ecliptic to- 
gether with its meridian circle and one another. Therefore we shall make holes 
in these circles diametrically opposite the poles of the ecliptic, and pass axles 
through these holes, so that by means of these axles the circles will be bound to- 
gether and carried along. Moreover, the inside circle should be divided into 360° 
in such fashion that the single quadrant of 90° will be at the poles. Furthermore, 
within the concavity of the inside circle a fifth circle should be placed which can 
be turned in the same plane and which has an apparatus fixed to its plane sur- 
faces which has openings diametrically opposite and reflectors or eyepieces, 
through which the light of the sun, as in a dioptra, can break through and go 
out along the diameter of the circle. And certain appliances or pointers for num- 
bers are fitted on to this fifth circle at opposite points for the sake of observing 
the latitudes on the container circle. Finally, a sixth circle is to be applied which 
will embrace and support the whole astrolabe, which is hung on to it by means 
of fastenings at the poles of the equator; this last circle is to be placed upon 
some sort of column, or stand, and made to rest upon it perpendicular to the 
plane of the horizon. Moreover, the poles [of the equator] should be adjusted 
to the inclination of the sphere, so that the outmost circle will have a position 
similar to that of a natural meridian and will by no means waver from it. 
Therefore after the instrument has been prepared in this way, when we wish 
to determine the position of some star, then in the evening or at the approach of 
sunset and at a time when the moon too is visible, we shall adjust the outer circle 
to the degree of the ecliptic, in which [45°] we have determined—by the methods 
spoken of—that the sun is at that time. And we shall turn the intersection of the 
[ecliptic and the outer] circle towards the sun itself, until both of them—I mean 
the ecliptic and the outer circle which passes through its poles—cast shadows on 
themselves evenly.! Then we shall turn the inner circle towards the moon; and 
with the eye placed in its plane we shall mark its position on the ecliptic part of 
the instrument there where we shall view the moon as opposite, or as it were 
bisected by the same plane. That will be the position of the moon as seen in 
longitude. For without the moon there is no way of discovering the positions of 
the stars, as the moon alone among all is a partaker of both day and night. 
Then after nightfall, when the star whose position we are seeking is visible, we 
shall adjust the outer circle to the position of the moon; and thus, as we did in 
the case of the sun, we shall bring the position of the astrolabe into relation 
with the moon. Then also we shall turn the inner circle towards the star, until 
the star seems to be in contact with the plane surfaces of the circle and is viewed 
4.e., until the shadows intersect as two straight lines at right angles to one another. 
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through the eyepieces which are on the little circle contained [by the inner circle]. 
For in this way we shall have discovered the longitude and latitude of the star. 
When this is being done, the degree of the ecliptic which is in the middle of the 
heavens will be before the eyes; and accordingly it will be obvious at what hour 
the thing itself was done.! 


For example, in the 2nd year of the Emperor Antoninus Pius, on the 9th 
day of Pharmuthi, the 8th month by the Egyptian calendar, Ptolemy, who was 
then at Alexandria and wished to observe at the time of sunset the position of 
the star which is in the breast of Leo and is called Basiliscus or Regulus, ad- 
justed his astrolabe to the setting sun at 5 equatorial hours after midday. At 
this time the sun was at 319,° of Pisces, and by moving the inner circle he 
found that the moon was 9214? east of the sun: hence it was seen that the posi- 
tion of the moon was then at 514° of Gemini. After half an hour—which made 
six hours since noon—when the star had already begun to be apparent and 4° 


1Legend: 
. Circle through poles of ecliptic 
impenpangl tel : COPERNICUS’ ASTROLABE 
. Outer circle D 
. Inner circle 
. Little circle 
. Meridian circle 

A and Aj. Poles of equator 

BCC,B. Axis of ecliptic 

D. Zenith, or pole of horizon 

The astrolabe is constructed as an im- 
age of the Ptolemaic heavens, or as a 
“smaller world.”’ Accordingly the astro- 
labe in operation is an imitation of the 
revolving heavens on a reduced scale. 

The astrolabe is set up with the meridi- 
an circle (6) fixed in the meridian line and 
with the northern and southern poles of 
the equator (A and A;) pointing towards 
the celestial poles above and below the 
horizon, as the meridian does not change 
during the course of the daily revolution. 
The degrees of the celestial ecliptic are 
marked off on the ecliptic circle (2), with 
the solstices or equinoxes at the inter- 
sections of the ecliptic (2) and the 
circle through the poles of the ecliptic MmerIDIAN LINE 
(1). The outer cirele (3) is turned to 
that point on the ecliptic where the 
position of the sun is computed to be, 
and then this intersection of the outer circle and the ecliptic is turned towards the sun itself, 
until each circle casts its shadow in the form of a straight line intersecting the other shadow 
at right angles. Now as the revolution of the outer circle around the axis of the equator makes 
the axis of the ecliptic, the circle through the poles of the ecliptic, the inner circle, and the 
little circle swing round the axis of the equator, and as the pole of the ecliptic revolves around 
the pole of the equator during the daily revolution; the turning towards the sun of the inter- 
section of the two circles seves to bring the yearly and daily movements of the sun into proper 
ratio with one another; and the cruciform shadow is a sign that the wooden ecliptic occupies 
the relative position in the astrolabe that the celestial ecliptic occupies at this moment of the 
daily revolution. The inner circle (4) can now be turned towards the moon in order to mark 
on the ecliptic the lunar longitude, and the little circle (5) can be wheeled around in the plane 
of the inner circle, in order to mark the lunar latitude on the graduated inner circle. 
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of Gemini was in the middle of the heavens, he turned the outer circle of the 
instrument to the already determined position of the moon. Proceeding with the 
inner circle, he took the distance of the star from the moon as 5714 9° to the east. 
Accordingly the moon had been found at 921° from the setting sun, as was 
said—which placed the moon at 51° of Gemini; but it was correct for the moon 
to have moved 14° in the space of half an hour; since the hourly allotment in the 
movement of the moon is more or less 144°; but on account of the then sub- 
tractive parallax of the moon it must have been slightly less than 14°, [464] that 
is to say, about 14°: hence the moon was at 514° of Gemini. But when we have 
discussed the parallaxes of the moon, the difference will not appear to have been 
so great; and hence it will be evident enough that the position of the moon 
viewed was more than 514° but a little less than 53¢°. The addition of 57149° 
to this locates the position of the star at 2°30’ of Leo at a distance of about 32144° 
from the summer solstice of the sun and with a northern latitude of 4%°. This 
was the position of Basiliscus; and consequently the way was laid open to the 
other fixed stars. This observation of Ptolemy’s was made in the year of Our 
Lord 139 by the Roman calendar, on the 24th day of February, in the Ist year 
of the 229th Olympiad. 

That most outstanding of mathematicians took note of what position at that 
time each of the stars had in relation to the spring equinox, and catalogued the 
constellations of the celestial animals. Thus he helps us not a little in this our 
enterprise and relieves us of some difficult enough labour, so that we, who think 
that the positions of the stars should not be referred to the equinoxes which 
change with time but that the equinoxes should be referred to the sphere of the 
fixed stars, can easily draw up a description of the stars from any other un- 
changing starting-point. We decided to begin this description with the Ram 
as being the first sign, and with its first star, which is in its head—so that in this 
way a configuration which is absolute and always the same will be possessed by 
those stars which shine together as if fixed and clinging perpetually and at the 
same time to the throne which they have seized. But by the marvellous care and 
industry of the ancients the stars were distributed into forty-eight constellations 
with the exception of those which the circle of the always hidden stars removed 
from the fourth climate, which passes approximately through Rhodes; and in 
this way the unconstellated stars remained unknown to them. According to the 
opinion of Theo the Younger in the Aratean Treatise the stars were not ar- 
ranged in the form of images for any other reason except that their great multi- 
tude might be divided into parts and that they might be designated separately 
by certain names in accordance with an ancient enough custom, since even in 
Hesiod and Homer we read the names of the Pleiades, Hyas, Arcturus, and 
Orion. Accordingly in the description of the stars according to longitude we 
shall not employ the “twelve divisions,’’ or dodekatemoria, which are measured 
from the equinoxes or solstices, but the simple and conventional number of de- 
grees. We shall follow Ptolemy as to the rest with the exception of a few cases, 
where we have either found some corruption or a different state of affairs. We 
shall however teach you in the following book how to find out what their dis- 
tances are from those cardinal points [7.e., the equinoxes]. 
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AND First THOSE OF THE NORTHERN REGION 


Constellations 

Ursa MINOR, OR THE LITTLE BEAR, 
oR CYNOSURA 

The [star] at the tip of the tail 

The [star] to the east in the tail 

The [star] at the base of the tail 

The more southern [star] on the western 
side of the quadrilateral 

The northern [star] on the same side 

The more southern of the stars on the east- 
ern side 

The more northern on the same side 

7 stars: 2 of second magnitude, 1 of third, 
4 of fourth 


The most southern unconstellated star near 
the Cynosure, in a straight line with the 
eastern side 


Ursa Major, OR THE GREAT BEAR 

The star in the muzzle 

The western star in the two eyes 

The star to the east of that 

The more western star of the two in the 
forehead 

The star to the east in the forehead 

The western star in the right ear 

The more western of the two in the neck 

The eastern 


53 
50 
69 


83 
87 


100 
109 


Longitude 
Deg. Min. 


30 
50 
20 


20 


40 
10 
40 


30 

0 
30 
50 
50 
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The more northern of the two in the breast 


The more southern 

The star at the knee of the left foreleg 

The more northern of the two in the left 
forefoot 

The more southern 

At the knee of the right foreleg 

The star below the knee 

The star on the shoulder 

The star on the flanks 

The star at the base of the tail 

The star in the left hind leg 

The more western of the two in the left 
hind foot 

The star to the east of that 

[472] The star in the hollow of the left leg 

The more northern of the two which are in 
the right hind foot 


94 
93 
89 


89 
88 
89 
101 
104 
105 
116 
Ly 


106 
107 
115 


123 


20 
20 
0 


50 
40 

0 
10 

0 
30 
30 
20 


0 
30 
0 


10 
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Latitude 
Deg. Min. 
66 0 
70 0 
74 0 
75 | 20 
77~—s« 40 
72 40 
74 ~=50 
“1 10 
39 = 50 
43 0 
43 0 
47 10 
47 0 
50. 30 
43 50 
44 20 
44 0 
42 0 
35 0 
29 0 
28 *'30 
36 0 
33 = 30 
49 0 
44 30 
51 0 
46 30 
29 «338 
28 15 
35 15 
25 50 


Magnitude 
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Constellations 

The more southern 

The first of the three in the tail after the 
base 

The middle star 

The star which is last and at the tip of the 
tail 

27 stars: 6 of second magnitude, 8 of third, 
8 of fourth, and 5 of fifth 


UNCONSTELLATED STARS NEAR THE GREAT 
BEAR 

The star to the south of the tail 

The more obscure star to the west 

The star between the forefeet of the Bear 
and the head of the Lion 

The star more to the north than that one 

The last of the three obscure stars 

The one to the west of that 

The one more to the west 

The star between the forefeet and the Twins 

8 unconstellated stars: 1 of third magnitude, 
2 of fourth, 1 of fifth, 4 obscure 


Draco, OR THE DRAGON 

The star in the tongue 

On the jaws 

Above the eye 

In the cheek 

Above the head 

The most northern star in the first curve of 
the neck 

The most southern 

The star in between 

The star to the east of them at the second 
curve 

The more southern star on the western side 
of the quadrilateral 

The more northern star on the same side 

The more northern star on the eastern side 

The more southern on the same side 

The more southern star in the triangle at 
the third curve 

The more western of the other two in the 
triangle 

The star to the east 

<The star to the east> in the triangle to 
the west 

The more southern of the remaining two in 
the same triangle 


Longitude 
Deg. Min. 


123 


125 
131 


143 


141 
133 


40 


30 
20 


10 
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Latitude 
Deg. Min. 
25 0 
538 30 
55 640 
54 0 
39 45 
41 20 
17 ec) 
i. 
20 0 
22 45 
23 5 
22)0 AS 
76 ~=—.30 
78 =©30 
75 = 40 
75 =. 20 
75-30 
82. 20 
78 «615 
80 20 
81 10 
81 40 
83 0 
7S ‘90 
77250 
80 =30 
81 40 
80 15 
83 30 
83 30 
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Constellations 

[47>] The star which is more northern than 
the two above 

Of the small stars west of the triangle, the 
more eastern 

The more western 

The most southern of the three which are 
in a straight line towards the east 

The one in the middle 

The most northern 

The more northern of the two which follow 
towards the west 

The more southern 

The star to the west of them, in the coil of 
the tail 

The more western of the two rather distant 
from that one 

The star to the east of it 

The star to the east in the tail 

At the tip of the tail 

Therefore 31 stars: 8 of third magnitude, 
16 of fourth, 5 of fifth, 2 of sixth 


CEPHEUS 

In the right foot 

In the left foot 

On the right side beneath the belt 

The star which touches the top of the right 
shoulder 

The star which touches the right joint of 
the elbow 

The star to the east which touches the same 
elbow 

The star on the chest 

On the right arm 

The most southern of the three on the tiara 

The one in the middle 

The most northern : 

11 stars: 1 of third magnitude, 7 of fourth, 
3 of fifth 

Of the two unconstellated stars, the one to 
the west of the tiara 

The one to the east of the tiara 


Bo6tTEs, oR ARCTURUS 

The more western of the three in the left 
hand 

The middle one of the three, the more 
southern 

The more eastern of the three 

The star in the left joint of the elbow 


Longitude 
Deg. Min. 


35 10 


200 O 
195 QO 


152 30 
152 50 
151 0 


153 20 
156 30 


156 0 


120 40 
124 30 
192 30 
186 30 


337 60 
344 40 


145 40 


147 30 
149 0 
| 143 0 
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Latitude 
Deg. Min. 
84 50 
87 30 
86 50 
BhatlS 
83 0 
84 50 
78 0 
74 40 
70 0 
64 40 
65 30 
61 15 
56 «15 
75 =40 
64 15 
qb 610 
69 0 
72 0 
74 0 
65 30 
62 30 
60 15 
Gi: ral 
61 30 
64 0 
59 30 
58 40 
58 20 
60 10 
54 = 40 
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Longitude Latitude 
Constellations Deg. Min.) |Deg. Min.| Magnitude 

On the left shoulder 163 O|N{|{ 49 Ores 
On the head 170 O|N| 53 50} 4 greater 
On the right shoulder 179 Oj|N|48 40/4 
[487] The more southern of the two on the 

crook 179 O|N] 53 15/4 
The star more to the north, at the tip of the 

crook 178 20;N!]57 30|4 
The more northern of the two under the sl 

shoulder and on the spear 181 Oj}NJ|46 = 10 | 4 greater 
The more southern 181 50|N}45 30| 5 
At the extremity of the right hand 181 35 |N | 41 .. 20 bs 
The more western of the two in the palm 180 O|;N/41 40) 5 
The one to the east 180 20 (Ni; 42 380 |.5 
At the extremity of the handle of the crook | 181 0 ;,N/]40 20] 5 
On the right leg 183 20|N{|40 15] 3 
The more eastern of the two in the belt 169 O|Nj;41 4014 
The more western 168 20|Nj|42 10) 4 greater 
At the right heel 178 40 |N | 28 0/3 
The more northern of the three on the left 

ham 164 40; N | 28 Os 
The middle one of the three 163 50|Nj26 30); 4 
The more southern of them 164 50)N] 25 0| 4 
22 stars: 4 of third magnitude, 9 of fourth, 

9 of fifth 
The unconstellated star between the thighs, 

which they call Arcturus 170 20 | Naot. @OW 
Corona BOREALIS, OR THE NORTHERN 

CROWN 
The brilliant star in the crown 188 O|N{44 30} 2 greater 
The most western of all 18 0;N{46 10} 4 greater 
The eastern star towards the north 185 10|N | 48 0 1 5 
The eastern star more to the north 193. ON} 50 30] 6 
The star to the south-east of the brilliant 

one 191 30|N{44 4514 
The next star to the east 1909 30|N|44 50/4 
The star farther to the east 194 40|Nj46 10/4 
The most eastern of all in the crown 195 O|N;]49 20) 4 
8 stars: 1 of second magnitude, 5 of fourth, 

1 of fifth, 1 of sixth 
ENGONASI, OR THE KNEELING Man 
On the head 221 sO |N i az 30rue 
At the right arm-pit 207 O|N) 48 0/13 
On the right arm 205 Oj|}N{40 10)3 
In the right flank 201 20|N|37 10) 4 
On the left shoulder 220 20|N]49 301 4 greater 
[48>] In the left flank 231 OLN | 42 -. Oped 
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Longiiude 
Constellations Deg. Min. 

<The more eastern> of the three in the 

left palm 238 50 
The more northern of the remaining two ye |) 
The more southern 234 50 
On the right side 207 10 
On the left side 213 30 
On the <lower part of the> left buttock 218 320 
At the beginning of the left leg sag 214 30 
The most western of the three in the left 

ham 27 ~2O 
The more eastern 218 40 
The most eastern 219 40 
At the left knee zai 10 
On the <upper part of the>left buttock | 225 30 
The most western of the three in the left 

foot 188 40 
The middle star 229 lp 
The most eastern of the three 228 m0 
At the beginning of the right leg 207 0 
The more northern on the right ham 198 50 
At the right knee 189 0 
The more southern of the two under the 

right knee 186 40 
The more northern 183 30 
On the right shin 184 30 
At the extremity of the right foot, the same 

as the tip of Bodtes’ crook 178 20 


Besides that last one, 28 stars: 6 of third 
magnitude, 17 of fourth, 2 of fifth, 3 of 
sixth 


The unconstellated star to the south of the 
right arm 26 0 


Lyra, OR THE LYRE 
The brilliant star which is called Lyra or 


Fidicula 250 40 
The more northern of the two adjacent stars | 253 40 
The more southern 253 40 
The star which is at the centre of the begin- 

ning of the horns 262 O 
The more northern of the two which are | 

next and to the east 265 20 
The more southern 265 
The more northern of the two westerly stars 

on the cross-piece 254 20 
The more southern 254 10 
The more northern of the two easterly stars 

on the cross-piece 257 30 


The more southern 258 20 


ZA AZAYA® AAAZAAZDA AAANARA AAAAAASYN 


Z 


AA” AA A247" AR 2A 


Latwtude 
Deg. Min. 
52 60 
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53 0 
56 690 
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60 20 
6LsUS15 
61 0 
69 20 
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55 0 
55 20 
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Constellations 
10 stars: 1 of first magnitude, 2 of third 
magnitude, 7 of fourth 


[49*] CyGNus, OR THE SWAN 

At the mouth 

On the head 

In the middle of the neck 

In the breast 

The brilliant star in the tail 

In the elbow of the right wing 

The most southern of the three in the flat 
of the wing 

The middle star 

The last of the three, and at the tip of the 
wing 

At the elbow of the left wing 

In the middle of the left wing 

At the tip of the same 

In the left foot 

At the left knee 

The more western of the two in the right 
foot 

The more eastern 

The nebulous star at the right knee 

17 stars: 1 of second magnitude, 5 of third, 
9 of fourth, 2 of fifth 


AnD Two UNCONSTELLATED STARS NEAR 
THE SWAN 

The more southern of the two under the left 
wing 

The more northern 


CASSIOPEIA 

On the head 

On the breast 

On the girdle 

Above the seat, at the hips 

At the knees 

On the leg 

At the extremity of the foot 

On the left arm 

On the left forearm 

On the right forearm 

At the foot of the chair 

At the middle of the settle 

At the extremity 

13 stars: 4 of third magnitude, 6 of fourth, 
1 of fifth, 2 of sixth 


Longitude 
Deg. Min. 


267 
272 
279 
291 
302 
282 


285 
284 


310 
294 
298 
300 
303 
307 


294 
296 
305 
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Latitude 
Deg. Min. 
49 20 
50 =. 30 
54 30 
56 20 
60 0 
64 40 
69 40 
71-30 
74 0 
49 30 
529/110 
74 0 
55° 10 
57 0 
64 0 
64 30 
63 45 
49 40 
51 40 

45 20 

46 45 
47 50 
49 0 
45 30 
47 45 
48 20 
44 20 
45 0 
50 0 
52 40 
51 40 
51 40 
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Constellations 

[49>] Perseus 

The nebulous star at the extremity of the 
right hand 

On the right forearm 

On the right shoulder 

On the left shoulder 

On the head, or a nebula 

On the shoulder-blades 

The brilliant star on the right side 

The most western of the three on the same 
side 

The middle one 

The remaining one of the three 

On the left forearm 

The brilliant star in the left hand and in the 
head of Medusa 

The easterly star on the head of the same 

The more western on the head of the same 

The most western 

On the right knee 

The one to the west of this one at the knee 

The more western of the two on the belly 

The more eastern 

On the right hip 

On the right calf 

On the left hip 

On the left knee 

On the left calf 

On the left heel 

On the top part of the left foot 

26 stars: 2 of second magnitude, 5 of third, 
16 of fourth, 2 of fifth, 1 nebulous 


UNCONSTELLATED Stars AROUND PERSEUS 
To the east of the left hand 

To the north of the right hand 

To the west of Medusa’s head 

3 stars: 2 of fifth magnitude, 1 obscure 


[507] AURIGA, OR THE CHARIOTEER 


The more southern of the two on the head | 


The more northern 

The brilliant star on the left shoulder, 
which is called Capella 

On the right shoulder 

On the right forearm 

On the palm of the right hand 

On the left forearm 

The star to the west of the Haedi 


Longitude 
Deg. Min. 
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Longitude Latitude 
Constellations Deg. Min.| |Deg. Min.| Magnitude 

The star on the palm of the left hand which 

is to the east of the Haedi 46 O|}N/} 18 0 | 4 greater 
On the left calf 53 10|N|10 £10] 3 smaller 
On the right calf and at the tip of the north- 

ern horn of Taurus 49 O|]N] 5 0 | 3 greater 
At the ankle 49 20|iN| 8 30) 5 
On the buttocks 49 40 |N{12 2015 
The small star on the left foot 24 O;N{10 20) 6 
14 stars: 1 of first magnitude, 1 of second, 2 

of third, 7 of fourth, 2 of fifth, 1 of sixth 
OPHIUCHUS, OR THE SERPENT-HOLDER 
On the head 228 10 |N | 36 0) 3 
The more western of the two on the right 

shoulder 231 20 |N{|27 £15] 4 greater 
The more eastern 232 20|;N]26 45/4 
The more western of the two on the left 

shoulder 216 40 |Nj 33 0 | 4 
The more eastern 218 O|N]31 50/4 
At the left elbow 211 40 |N]34 3014 
The more western of the two in the left hand | 208 20 | N | 17 014 
The more eastern 209 20|N:12 30/3 
At the right elbow 220 O;N}; 15 0 | 4 
The more western in the right hand 205 40;N{|18 40 | 4 smaller 
The more eastern 207 40 |N/14 20) 4 
At the right knee 224 30|N] 4 30] 3 
On the right shin 227 Oj|N] 2 = 151] 8 greater 
The most western of the four on the right 

foot 226 20|S| 2 151 4 greater 
The more easterly 227 40;S/; 1 30] 4 greater 
The next to the east 228 20|S; 0 20) 4 greater 
The most easterly 229 10/S] 1 £451 5 greater 
The star which touches the heel 229 30;S] 1 Che 5 
[50>] At the left knee 215: 30: PN fF EL « 50 eg 
The most northern of the three in a straight 

line on the lower part of the left leg 215 O;N} 5) 20) 5 greater 
The middle one 214 O|N} 3. 10) 5 
The most southern of the three 213 10 |N] 1 £401 5 greater 
The star on the left heel 215 40;N/ 0 4015 
The star touching the hollow of the left foot | 214 O|]S | 0 4514 
24 stars: 5 of third magnitude, 13 of fourth, 

6 of fifth 
UNCONSTELLATED STARS AROUND 

OPHIUCHUS 
The most northern of the three to the east 

of the right shoulder 235 20|N/28 10| 4 
The middle one 236 O|N/ 26 20) 4 
The most southern of the three 233 40 |N | 25 0} 4 
Another one, farther to the east of the three | 237 0 |N | 27 0| 4 
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A star separate from the four, to the north | 238 


Therefore 5 unconstellated stars: all of 
fourth magnitude 


SERPENS OPHIUCHI, OR THE SERPENT 

On the quadrilateral, the star in the cheeks 

The star touching the nostrils 

On the temples 

At the beginning of the neck 

At the middle of the quadrilateral, and on 
the jaws 

To the north of the head 

At the first curve of the neck 

The most northern of the three to the east 

The middle one 

The most southern of the three 

The star to the west of the left hand of 
Ophiuchus 

The star to the east of the same hand 

The star to the east of the right hip 

The more southern of the two to the east of 
that 

The more northern 

To the east of the right hand, in the coil of 
the tail 

Farther east in the tail 

At the tip of the tail 

18 stars: 5 of third magnitude, 12 of fourth, 
1 of fifth 


[51°] SaGiTTa, OR THE ARROW 

At the head 

The most eastern of the three on the shaft 

The middle one 

The most western of the three 

At the notch 

5 stars: 1 of fourth magnitude, 3 of.fifth, 1 
of sixth : 


AQUILA, OR THE EAGLE 

In the middle of the head 

On the neck 

The brilliant star on the shoulder-blades, 
which is called Aquila 

The star to the north which is very near 

The more western on the left shoulder 

The more eastern 

The star to the west in the right shoulder 

The star to the east 


Longitude Latitude 
Deg. Min. Deg. Min. 
0} Nj 33 0 

192 10 |N {| 38 0 
201 Oj|N| 40 0 
197 40 |N]} 35 0 
195 20|N/34 15 
194 40 |N] 37 15 
201 30 |N {42 30 
196 ON )29 0% 
198 10 |N} 26 30 
197 40 |N]25 20 
199 40 |N| 24 0 
202 O|N)| 16 30 
241 30 |N|i6 15 
227 O|N|10 30 
230 20|N{ 8 30 
231 10|Nj;10 30 
2af ° #0 | IN | 26 0 
242 O;}N]21 = 10 
251 40 |N | 27 0 
273 30|N{ 39 20 
270 =O | Nall 39! 0 
269 10 |NJ|39 50 
268 O|]N| 39 0 
266 40 |}N | 38 45 
270 30 |Nj 26 50 
268 10 |N] 27 10 
267 10|Nj{29 ~ 10 
268 0 | IN| 30 0 
266 30 |N {31 30 
269 20 |Nj| 31 +30 
263 Oj|;N{|28 40 
264 30 |N|26 40 
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Constellations 
The star in the tail, which touches the milky 
circle 
9 stars: 1 of second magnitude, 4 of third, 
1 of fourth, 3 of fifth 


UNCONSTELLATED STARS AROUND AQUILA 

The more western star south of the head 

The more eastern 

Away from the right shoulder and to the 
south-west 

To the south 

Farther south 

West of all 

6 unconstellated stars: 4 of third magnitude, 
1 of fourth, and 1 of fifth 


DELPHINUS, OR THE DOLPHIN 

The most western of the three in the tail 

The more northern of the two remaining 

The more southern 

The more southern on the western side of 
the rhomboid 

The more northern on the same side 

The more southern on the eastern side 

The more northern on the same side 

The most southern of the three between the 
tail and the rhombus 

The more western of the other two to the 
north 

The more eastern 

10 stars: 5 of third magnitude, 2 of fourth, 
3 of sixth 


[515] Equi SEcTIO, OR THE SECTION OF THE 
HorRsE 

The more western of the two on the head 

The more eastern 

The more western of the two at the mouth 

The more eastern 

4 stars: all obscure 


PEGASUS, OR THE WINGED HORSE 

Within the open mouth 

The more northern of the two close to- 
gether on the head 

The more southern 

The more southern of the two on the mane 

The more northern 

The more western of the two on the neck 

The more eastern 


Longitude Latitude 
Deg. Min. Deg. Min. 
265 380|}N] 26 30 
272 O|;N]21 40 
272 20° )N 1-29.) 10 
259 20 |N} 25 0 
261 30|N 1] 20 0 
263 O;}N;15 30 
254 30|;N/ 18 10 
281 O;}N/;29 10 
282 01|]N} 29 0 
282 O;}N|26 = 40 
281 50 |N)) 32 0 
283 30 |N| 33 50 
284 40 |N| 32 0 
286 50|N{ 33 10 
280 50)N} 34 15 
280 50|N] 31 50 
282 20|Nj} 31 30 
289 40|N/] 20 30 
292 20;N}20 40 
289 40;)}N{25 30 
291'°21 26 0 
298 40 |N]21 30 
302 40|N/]16 50 
301 20/|N{|{ 16 0 
314 40 |;N)| 15 0 
313 50|Nj 16 0 
312 10|N{ 18 0 
313 50 |N | 19 0 


Magnitude 


3 


3 smaller 
4 smaller 
4 


3 smaller 
3 smaller 
3 smaller 
3 smaller 


6 


o> 


obscure 
obscure 
obscure 
obscure 


3 greater 
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600 COPERNICUS 
NORTHERN SIGNS 


Longitude Latitude 


Constellations Deg. Min.) |\Deg. Min.) Magnitude 

On the left pastern 305 40|N}36 30) 4 greater 
On the left knee 311 O;};Nj| 34 151] 4 greater 
On the right pastern 317 O;|}N)41 101] 4 greater 
The more western of the two close together 

on the breast 319 30)Nj 29 0} 4 
The more eastern 320 20|N}]29 30) 4 
The more northern of the two on the right 

knee 322 20 |N} 36 0| 3 
The more southern 321.61502|* Nop 242+ 204*%5 
The more northern of the two beneath the 

wing, on the body 327 50|N|25 40] 4 
The more southern 328 20 |N | 25 0) 4 
At the shoulder-blades and juncture of the 

wing 390 O|N{]19 40] 2 smaller 
On the right shoulder and at the beginning 

of the leg 320 30 | N | St 0 | 2 smaller 
At the tip of the wing 3385 30|N 12 30 ]°2 smaller 
At the navel, and on the head of Andromeda 

too 341 10 | N{ 26 0 | 2 smaller 
20 stars: 4 of second magnitude, 4 of third, 

9 of fourth, 3 of fifth 
ANDROMEDA 
On the shoulder-blades 348 40 |Nj{ 24 30; 8 
On the right shoulder 349 40 |N | 27 0| 4 
On the left shoulder 347 40 |N}{ 23 0; 4 
The most southern of the three on the right 

arm 347. O0}N| 32 0) 4 
The most northern 348 O|N 33 380| 4 
The middle one of the three 348 20 |Nj{ 32 2015 
The most southern of the three on the top 

of the right hand 343 O|N| 41 0; 4 
The middle star 344 O|N| 42 0| 4 
[52?] The most northern of the three 345 30 |N | 44 0| 4 
On the left arm 347 301/N {17 30] 4 
At the left elbow 349 O|N/ 15 507] 3 
The most southern of the three on the girdle | 357 10}N/ 25 20] 3 
The middle one 355 10|N | 30 0}; 3 
The most northern 300 201N){ 32 30 PS 
On the left foot 10) 10s) ING "23 0; 3 
On the right foot 10 30|N{|37 101] 4 greater 
To the south of those two ~ 8 30]/N|35 20) 4 greater 
The more northern of the two under the 

hamstrings 5 40 |N] 29 0) 4 
The more southern 5 20|N| 28 0| 4 
At the right knee 5 BON |} 35 «SOR 
The more northern of the two on the flow- 

ing robe 6 O,;N| 34 30] 5 
The more southern 7 BO ON '| 320.130 eG 
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NORTHERN SIGNS 


Longitude! Latitude 


Constellations Deg. Min.) |Deg. Min.| Magnitude 
The unconstellated star west of the right 
hand 5 Oj|N| 44 0) 3 
23 stars: 7 of third magnitude, 12 of fourth, 


4 of fifth 


TRIANGULUM, OR THE TRIANGLE 


At the vertex of the triangle 4 200|N;16 30)]3 
The most western of the three on the base 9 820 TN 2Os 4p" |3 
The middle one 9 30|N/20 20/4 
The most eastern of the three 10° 10} Nor 10 0 138 


4 stars: 3 of third magnitude, 1 of fourth 


Therefore in the northern region there are 360 stars, all in all: 3 of first magnitude, 18 
of second, 81 of third, 177 of fourth, 58 of fifth, 13 of sixth, 1 nebulous, and 9 obscure. 


Tue SIGNS AND Stars WHICH ARE IN THE MIDDLE AND AROUND THE ECLIPTIC 


ARIES, OR THE RaM 
The star which js first of all and the more 


western of the two on the horn 0 O;|N!] 7 20 | 3 smaller 
The more eastern on the horn £ O (Dies 2t20 id 
The more northern of the two in the open- 
ing of the jaws $520 alee) wit 840; ed 
The more southern 4 50|N] 6 Oy 6 
On the neck 9, 50: WNe bee O17 BOeed 
On the kidneys tO SO, MN | G6 0/6 
At the beginning of the tail 14 40 |N; 4 501] 5 
The most western of the three on the tail 17 10;N{ 1 4044 
The middle one 18 40 |N/ 2 30} 4 
[52>] The most eastern 20 20 |N/ 42 50} /u4 
On the hips 18 ,0;|/N/ 4d 2 bs 
On the ham 1b, 2005, oly asOelad 
At the tip of the hind foot 8 10|}Sj| 5 15 | 4 greater 
13 stars: 2 of third magnitude, 4 of fourth, 
6 of fifth, 1 of sixth 
UNCONSTELLATED STARS AROUND ARIES 
The brilliant star over the head 3 .50|N | 10 0 | 3 greater 
The very northerly star above the back 15 «04 DALIG 107)),4 
The most northern of the remaining three 
small stars 14 40|N/12 401] 5 
The middle one 13 Fo Oa Ni| 10)... 40 1.5 
The most southern 12 30;N|10 40] 5 
5 stars: 1 of third magnitude, 1 of fourth, 3 
of fifth 
TAURUS, OR THE BULL 
The most northern of the four in the section | 19 40|S] 6 0! 4 
The next after that 19), 20 od: | lay gh Wy 
The third BS so Oy Sy bur B) BOn ln: 
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In THE MIDDLE, AND AROUND THE EcLIPTIC 


Constellations 

The fourth and most southern 

On the right shoulder 

In the breast 

At the right knee 

On the right pastern 

At the left knee 

On the left pastern 

Of the five called Hyades and on the face, 
the one at the nostrils 

Between that star and the northern eye 

Between that same star and the southern 
eye 

The brilliant star, in the very eye, called 
Palilicius by the Romans 

On the northern eye 

The star south of the horn between the base 
and the ear 

The more southern of the two on the same 
horn 

The more northern 

At the extremity of the same 

To the north of the base of the horn 

At the extremity of the horn and on the 
right foot of Auriga 

The more northern of the two in the north 
ear 

The more southern 


[53*] The more western of the two small 
stars on the neck 

The more eastern 

The more southern on the western side of 
the quadrilateral on the neck 

The more northern on the same 

The more southern on the eastern side 

The more northern on the same side 

The northern limit of the western side of the 
Pleiades . 

The southern limit of the same side 

The very narrow limit of the eastern side of 
the Pleiades 

A small star of the Pleiades, separated from 
the limits 

32 stars, apart from that which is at the tip 
of the northern horn: 1 of first magni- 
tude, 6 of third, 11 of fourth, 13 of fifth, 
1 of sixth 


UNCONSTELLATED STARS AROUND TAURUS 
Between the foot and below the shoulder 


Longitude 
Deg. Min. 


17 50 
23 «(0 
27.0 
30 «(0 
26 20 
30 «630 
36 20 


32 0 
33 40 


34 10 


36 (0 
35 610 


40 30 
43 40 
43 20 
50 30 
49 Q 
49.0 
35 20 
3500 
30 20 
32 20 
31 20 
32 10 
35 20 
35 «(0 


25 30 
25 «50 


ati) 0 


26 0 


18 20 
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Az 
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Latitude 
Deg. Min. 
Sha 
9 30 
8 0 
12 40 
14 50 
10 0 
13-30 
5 45 
4 15 
a, 50 
5 10 
3 0 
4, 0 
5 0 
3 30 
2 30 
4 0 
5 0 
4 30 
~4 30 
0 40 
1 0 
+) 0 
TR-90 
3 0 
5) 0 
4 30 
4 40 
5 20 
3 0 
17 —s- 30 


Magnitude 


Pb iB OO Op 


smaller 
smaller 


Ww 


oo 


smaller 


smaller 


mH © OF He Ww 


5 Apogee of 
Venus: 48°20’ 
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REVOLUTIONS OF HEAVENLY SPHERES, II 603 
IN THE MIDDLE, AND AROUND THE ECLIPTIC 
Longitude Latitude 
Constellations Deg. Min.| |\Deg. Min.) Magnitude 

The most western of the three to the south 

of the horn 438 JOR) Sra Oxires 
The middle one 47. WISE wo AFLG 
The most eastern of the three 49 2018S] 2 O45 
The more northern of the two under the tip 

of the same horn 52 2158 / 6 200n6 
The more southern bo 20 oh C aD fe} 
The most western of the five under the 

northern horn 50 201|N} 2 4015 
The next to the east 52 2iN} 1 0 |.s 
The third and to the east 5D. Bye Need LS 20a 5 
The more northern of the remaining two 5s 40 (NP a 20)|.5 
The more southern 56 40 (Ni 1 15s 
11 unconstellated stars: 1 of fourth magni- 

tude, 10 of fifth 
GEMINI, OR THE TWINS 
On the head of the western Twin, Castor 7% 40 iN; 9 80u 2 
The reddish star on the head of the eastern 

Twin, Pollux 79 550 WANdpanG anloen2 
At the left elbow of the western Twin 70 O|}N 10 014 
On the left arm 2 0 IN| F 204 
At the shoulder-blades of the same Twin 7 20 Nel 5 8 SOe| 4 
On the right shoulder of the same 77 20IN}°4 50] 4 
On the left shoulder of the eastern Twin 80 O|N] 2 4014 
On the right side of the western Twin 75rd: il2 40h 
On the left side of the eastern Twin 76 380 |Ni 3 O15 
[53] At the left knee of the western Twin 66 SUN) 1 30/83 
At the left knee of the eastern wT) 20185 | 2 3008 
On the left groin of the same Font OruS'| 10k -680>) B 
At the hollow of the right knee of thesame | 74 40}S/] 0 401] 3 
The more western star in the foot of the 

western Twin 60 0O;}S|{ 1 380 | 4 greater 
The more eastern star in the same foot ol 20 fet I Wid 
At the extremity of the foot of the western 

Twin 63)| 80} bS: wide | B0nle4 
On the top of the foot of the eastern Twin 6 20;);8! 7 d80neue 
On the bottom of the foot of the same 68 £0), 5-440» |) 30.4 
18 stars: 2 of second magnitude, 5 of third, 

9 of fourth, 2 of fifth 
UNCONSTELLATED STARS AROUND GEMINI 
The star west of the top of the foot of the 

western Twin 5A BONS J 0 40-4 
The brilliant star to the west of the knee of 

the same 59 50|N| 5 50 | 4 greater 
To the west of the left knee of the eastern 

Twin 68 30 | Gable? 4 (he was 
The most northern of the three east of the 

right hand of the eastern Twin ob 40'S |. 1 20% 


604 COPERNICUS 


In tHE MippiE, AND AROUND THE Ecuirtic 


Longitude Latitude 
Constellations Deg. Min.| |Deg. Min.) Magnitude 

The middle one 79 401/85 ].3 2015 
The most southern of the three, and in the 

neighbourhood of the right arm 799° 20/8 | 4 305) 8 
The brilliant star to the east of the three 84 O;S}] 2 4044 
7 unconstellated stars: 3 of fourth magni- 

nitude, 4 of fifth 
CANCER, OR THE CRAB 
The nebulous star in the breast, which is 

called Praeses 938 40;N] 0 40 nebulous 
The more northern of the two west of the 

quadrilateral 91 O|N 15 | 4 smaller 
The more southern 91 20)]S8S 10 | 4 smaller 
The more northern of the two to the east, 

which are ealled the Asses 93 40;}N{| 2 401 4 greater 
The southern Ass 94 40;S} 0 10 | 4 greater 
On the claws or the southern arm 99 60/8 | 75 ara0us 
On the northern arm 91 40 ;}N/ 11 5014 
At the extremity of the northern foot SO OLN | 1 015 
At the extremity of the southern foot 90 30;S| 7 30 4 greater 
9 stars: 7 of fourth magnitude, 1 of fifth, 

1 nebulous 
UNCONSTELLATED STARS AROUND CANCER 
Above the elbow of the southern claw 1038 O}S] 2 40 | 4 smaller 
Kast of the extremity of the same claw 105 O;S! 5 40] 4 smaller 
[54°] The more western of the two above the 

little cloud OF '20e' NY 64 “5OuIas 
The more eastern 100 20 | Nie yee abbr? 6 
4 unconstellated stars: 2 of fourth magni- 

tude, 2 of fifth 
Leo, or THE LION 
At the nostrils 101 40 |}N] 10 0| 4 
At the opening of the jaws 104 BO" PN °F *°80r) 4 
The more northern of the two on the head | 107 40 |N | 12 0/3 
The more southern . 107 30|;N} 9 30) 3 greater 
The most northern of the three on the neck | 113° 30 | N{ 11 0 | 3 Apogee of 

Mars: 109°50’ 

The middle one 115 30|N| 8 80,P3 
The most southern of the three 1144 ON] 4 80/3 
At the heart, the star called Basiliscus or 

Regulus 1758 50 Na 20 e770 4 
The more southern of the two on the breast | 116 50/S] 1 50] 4 
A little to the west of the star at the heart | 1138 20 |S} 0 15] 5 
At the knee of the right foreleg 110 40 0 0; 5 
On the right pad 117 30;S8} 3 40); 6 
At the knee of the left foreleg 122 80/58) 4 10/4 
On the left pad fo GON S| 44) 1S 


REVOLUTIONS OF HEAVENLY SPHERES, II 


In THE MIDDLE, AND AROUND THE Ec.Lipric 


Constellations 
At the left arm-pit 
The most western of the three on the belly 
The more northern of the two to the east 
The more southern 
The more western of the two on the loins 
The more eastern 
The more northern of the two on the rump 
The more southern 
At the hips 
At the hollow of the knee 
On the lower part of the leg 
On the hind foot 
At the tip of the tail 
27 stars: 2 of first magnitude, 2 of second, 
6 of third, 8 of fourth, 5 of fifth, 4 of sixth 


UNCONSTELLATED STARS AROUND LEO 

The more western of the two above the back 

The more eastern 

The most northern of the three below the 
belly 

[54>] The middle one 

The most southern of the three 

The star farthest north between the ex- 
tremities of Leo and the nebulous com- 
plex called Coma Berenices 

The more western of the two to the south 

The star to the east, in the shape of an ivy 
leaf 

8 unconstellated stars: 1 of fourth magni- 
tude, 4 of fifth, 1 luminous, 2 obscure 


VIRGO, OR THE VIRGIN 

The more southwestern of the two on the 
top of the head 

The more northeastern 

The more northern of the two on the face 

The more southern 

At the tip of the left and southern wing 

The most western of the four on the left 
wing 

The next to the east 

The third 

The last and most eastward of the four 

On the right side beneath the girdle 

The most western of the three on the right 
and northern wing 

The more southern of the two remaining 


Longitude! 
Deg. Min. 


122 


139 
140 
144 
143 
142 


151 
156 
160 
164 
157 


151 
153 


30 
20 
20 
40 
40 
30 
40 
40) 
40 


50 


win a ZZ, 


Zz 


Z 


tt "ZZ, Zu ee 


| Latitude 


Deg. Min. 
e~ “40 
+ 0 
5 20 
2 20 

iu YG 
13 40 
11 80 
9 40 
5 50 
ge © 
0 350 
3 0 
11 50 
138° 20 
15 30 
1- -10 
0 30 
2 40 
30 0 
25 0 
25 =. 30 
4 wens 
5 40 
8 0 
5 30 
6 0 
rs WW 
2 50 
2 50 
1 40 
8 30 
13-50 
ll 40 
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Magnitude 


mor eo AON ooo co 


smaller 


ove 


smaller 


oro 


luminous 
obscure 


obscure 


6 Apogee of Ju- 
piter: 154°20’ 


606 COPERNICUS 


In THE MippLE, AND AROUND THE EcLIPTic 


Longitude Latitude 


Constellations Deg. Min.| |Deg. Min. 

The more northern of them, called Vinde- 

miator 155 30};N]15 10 
On the left hand, called Spica 170> ul) hSyp) 2 0 
Beneath the girdle and on the right buttock | 168 10|N| 8 40 
The more northern of the two on the west- 

ern side of the quadrilateral on the left 

hip 169 40 |N] 2. 20 
The more southern 170 20|N;} 0 10 
The more northern of the two on the east- 

ern side 173 20 |N| theeeta0 
The more southern 171 20 | N jstOends20 
At the left knee im ON) 1) 0 
On the posterior side of the right hip 171 20|N]| 8 30 
On the flowing robe, in the middle 1800 | Ni} 7 30 
More to the south 180 40 |N] 2 40 
More to the north 181 40|Nj{11 40 
On the left and southern foot 1838 20|N/ 0 30 
On the right and southern foot 186 O|N 50 
26 stars: 1 of first magnitude, 7 of third, 6 

of fourth, 10 of fifth, 2 of sixth 
UNCONSTELLATED STARS AROUND VIRGO 
[55°] The most western of the three in a 

straight line under the left arm 158) «10)|}eSo) »8) 080 
The middle one 162 20: | SvuewdersB0 
The most eastern 165 35;8/]-3 20 
The most western of the three in a straight 

line under Spica 170 @IiS)| 7 20 
The middle one, which is also a double star | 171 30|S] 8 20 
The most eastern of the three 173517205) S jeetiand0 
6 unconstellated stars: 4 of fifth magnitude, 

2 of sixth 
CHELAE, OR THE CLAWS 
The bright one of the two at the extremity 

of the southern claw 191 20;N] 0 40 
The more obscure star to the north 1909 20|N| 2 30 
The bright one of the two at the extremity 

of the northern claw 195 30|N]| 8 30 
The more obscure star to the west of that 6k @/ Ri & 30 
In the middle of the southern claw 197 20|N; 1 40 
In the same claw, but to the west 194 40 |N} 1 15 
At the middle of the northern claw 200 50|N{ 3 465 
In the same claw, but to the east 206 20;N{ 4. 30 


8 stars: 2 of second magnitude, 4 of fourth, 
2 of fifth 


Magnitude 
3 greater 
J 


3 


Oo or 


4 
5) 
5 
i) 
4 
4 
4 


Apogee of Mer- 
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REVOLUTIONS OF HEAVENLY SPHERES, II 


In THE MIDDLE, AND AROUND THE ECLIPTIC 


Constellations 

UNCONSTELLATED STARS AROUND THE 
CHELAE 

The most western of the three north of the 
northern claw 

The more southern of the two to the east 

The more northern 

The most eastern of the three between the 
claws 

The more northern of the remaining two to 
the west 

The more southern 

The most western of the three beneath the 
southern claw 

The more northern of the remaining two to 
the east 

The more southern 
9 unconstellated stars: 1 of third magni- 
tude, 5 of fourth, 2 of fifth, 1 of sixth 


ScoRPIO, OR THE SCORPION 

The most northern of the three bright stars 
on the forehead 

The middle one 

The most southern of the three 

More to the south and in the foot 

The more northern of the two adjacent 
bright stars 

The more southern 

The most western of the three bright stars 
on the body 

The reddish star in the middle, called An- 
tares 

The most eastern of the three 

[55>] The more western of the two at the ex- 
tremity of the foot 

The more eastern 

At the first vertebra of the body 

At the second vertebra 

The more northern of the double at the 
third 

The more southern of the double 

At the fourth vertebra 


At the fifth 

At the sixth vertebra 

At the seventh, and next to the sting 

The more eastern of the two on the sting 

The more western 

21 stars: 1 of second magnitude, 13 of third, 
5 of fourth, 2 of fifth 


Longitude 
Deg. Min. 


199 
207 
207 


205 


203 
204 


196 


204 
205 


209 
209 
209 


209 - 


210 
210 


214 


216 
217 


212 
213 
221 
222 


223 
223 
226 


231 
233 
232 
230 
230 


30 

0 
40 
50 


40 
30 


20 


30 
20 
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Latitude 
Deg. Min. 
9 0 
6 40 
Re 3) 
5 30 
2 0 
1 30 
7 ~=©30 
8 ao 
9 40 
1 \20 
1 40 
5 0 
7 ~©50 
1 40 
0 30 
3 45 
4 0 
5 30 
6 610 
6 40 
11 0 
15 0 
18 40 
18 0 
19 30 
18 50 
16 40 
1. uelO 
13 20 
13 30 
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Magnitude 
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greater 


2 greater 
3 
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608 COPERNICUS 


In THE MIDDLE, AND AROUND THE ECLIPTIC 


Constellations 
UNCONSTELLATED STARS AROUND SCORPIO 
The nebulous star to the east of the sting 
The more western of the two north of the 
sting 

The more eastern 

3 unconstellated stars: 2 of fifth magnitude, 
1 nebulous 


SAGITTARIUS, OR THE ARCHER 

At the head of the arrow 

In the palm of the left hand 

On the southern part of the bow 

The more southern of the two to the north 

More northward, at the extremity of the 
bow 

On the left shoulder 

To the west and on the dart 

The nebulous double star in the eye 

The most western of the three on the head 

The middle one 

The most eastward 

The most southern of the three on the 
northern garment 

The middle one 

The most northern 

The obscure star east of the three 

The most northern of the two on the south- 
ern garment 

The more southern 

On the right shoulder 

[567] At the right elbow 

At the shoulder-blades 

At the foreshoulder 

Beneath the arm-pit 

On the pastern of the left foreleg 

At the knee of the same leg 

On the pastern of the right foreleg 

At the left shoulder blade 

At the knee of the right foreleg 

The more western on the northern side of 
the quadrilateral at the beginning of the 
tail 

The more eastern on the same side 

The more western on the southern side 

The more eastern on the same side 

31 stars: 2 of second magnitude, 9 of third, 
9 of fourth, 8 of fifth, 2 of sixth, 1 nebu- 
lous 


234 


228 
232 


Longitude 
Deg. Min. 


30 


50 
50 
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Latitude 
Deg. Min. 
12 wh 
6 10 
4 10 
6 380 
6 630 
10 50 
1 . 80 
2 2a 
3 610 
3 et e50 
0 45 
2 10 
b“30 
2 0 
oa.) 
4 30 
6 30 
5 30 
5 0 
2 0 
1 350 
2 #450 
2 | 30 
4 30 
6 45 
23 0 
18 0 
13 0 
13 ‘0 
20 10 
4 50 
4 60 
5 50 
6 60 


Or Ot Or Or 


Magnitude 


nebulous 


nebulous 


greater 


greater 


REVOLUTIONS OF HEAVENLY SPHERES, II 


In THE MIDDLE, AND AROUND THE ECLIPTIC 


Constellations 

CAPRICORNUS, OR THE GOAT 

The most northern of the three on the west- 
ern horn 

The middle one 

The most southern of the three 

At the extremity of the eastern horn 

The most southern of the three at the open- 
ing of the jaws 

The more western of the two remaining 

The more eastern 

Under the right eye 

The more northern of the two on the neck 

The more southern 

At the right knee 

At the left knee, which is bent 

On the left shoulder 

The more western of the two contiguous 
stars below the belly 

The more eastern 

The most eastern of the three in the middle 
of the body 

The more southern of the two remaining to 
the west 

The more northern 

The more western of the two on the back 

The more eastern 

The more western of the two on the south- 
ern part of the spine 

[565] The more eastern 

The more western of the two at the base of 
the tail 

The more eastern 

The more western of the four in the north- 
ern part of the tail 

The most northern of the remaining three 

The middle one 

The most northern, at the extremity of the 
tail 

28 stars: 4 of third magnitude, 9 of fourth, 
9 of fifth, 6 of sixth 


AQUARIUS, OR THE WaTER-Boy 

On the head 

The brighter of the two on the right shoulder 

The more obscure 

On the left shoulder 

Under the arm-pit 

The most eastern of the three under the left 
hand and on the coat 

The middle one 


| Longitude 
Deg. Min. 


270 
271 
270 
272 


40 

0 
40 
20 


20 
0 
10 
30 
0 
10 
10 
0 
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Latitude 
Deg. Min. 
7 ~§©30 
6 40 
5) 0 
8 0 
QO 45 
1 45 
1 30 
0 40 
4 60 
} 50 
6 30 
8 40 
~ 40 
6 50 
6 0 
4 15 
7 0 
2s) )50 
0 0 
0 50 
4 45 
4 30 
% 10 
2 0 
2 20 
5 0 
2a 50 
4 20 
15 45 
11 0 
9 40 
8 50 
or lS 
5 30 
8 0 


Go Oo He Hm Bm Or cr cn oe em PP Oro Or O OS o> Go & 


oot 


Or & Or do Or 


Hm 


Magnitude 
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610 COPERNICUS 


In THE MIDDLE, AND AROUND THE Ec.iipTic 


Constellations 

The most western of the three 

At the right elbow 

The farthest north on the right hand 

The more western of the two remaining to 
the south 

The more eastern 

The more western of the two adjacent stars 
on the right hip 

The more eastern 

On the right buttock 

The more southern of the two on the left 
buttock 

The more northern 

The more southern of the two on the right 
shin 

The more northern 

On the left hip 

The more southern of the two on the left 
shin 

The northern star beneath the knee 

The first star in the fall of water from the 
hand 

More to the south-east 

To the east at the first bend in the water 

To the east of that 

In the second and southern bend 

The more northern of the two to the east 

The more southern 

Farther off to the south 

[57°] Eastward, the more western of the two 
adjacent 

The more eastern 

The most northern of the three at the third 
bend in the water 

The middle one 

The most eastern of the three 

The most northern of three in a similar fig- 
ure to the east 

The middle one 

The most southern of the three 

The most western of the three at the last 
bend in the water 

The more southern of the two to the east 

The more northern 

The last in the water, and in the mouth of 
the southern Fish 

42 stars: 1 of first magnitude, 9 of third, 18 
of fourth, 13 of fifth, 1 of sixth 


278 
302 
303 


305 
306 


299 
300 
302 


295 
295 


305 
304 
301 


300 
302 


303 
308 
311 
313 
313 
312 
312 
314 


316 
316 


315 
316 
316 


310 
310 
311 


305 


306 
306 


300 


Longitude 
Deg. Min. 


0 
50 
0 


20 
40 


30 
20 
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Latitude 
Deg. Min. 
8 30 
8 45 
IO” 45 
9 0 
8 30 
3 0 
2>* FO 
) 50 
1 40 
4 0 
6 30 
o 0 
5 40 
10 0 
9 0 
2 0 
0 0 
1 LO 
0 30 
1 40 
3. 630 
4 0 
8 15 
11 0 
10 a0 
14 0 
14. 45 
15 40 
14 “40 
15 0 
15 ‘45 
14 +50 
15 7-20 
14 0 
23 0 
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REVOLUTIONS OF HEAVENLY SPHERES, II 


In THE MipDLE, AND AROUND THE ECLIPTIC 


Constellations 
UNCONSTELLATED STARS AROUND AQUARIUS 
The most western of the three east of the 

bend in the water 
The more northern of the two remaining 
The more southern 
3 stars: greater than fourth magnitude 


PISCES, OR THE F'IsH 

In the mouth of the western Fish 

The more southern of the two on the occiput 

The more northern 

The more western of the two on the back 

The more eastern 

The more western one on the belly 

The more eastern 

On the tail of the same Fish 

On the fishing-line, the first star from the 
tail 

To the east of that 

The most western of the three bright stars 
to the east 

The middle one 

The most eastern 

The more northern of the two small stars on 
the curvature 

The more southern 

The most western of the three after the 
curvature 

The middle one 

The most eastern one : 

[57>] At the knot of the two fishing-lines 

In the northern line, west of the knot 

The most southern of the three to the east 

The middle one 

The most northern of the three and the last 
in the line 


THE EASTERN FisH 

The more northern of the two in the mouth 

The more southern 

The most eastern of the three small stars on 
the head 

The middle one 

The most western of the three 

The most western of the three on the south- 
ern fin, near the left elbow of Andromeda 

The middle one 

The most eastern of the three 

The more northern of the two on the belly 

The more southern 


Longitude 
Deg. Min. 


320 
323 
322 


315 
317 
321 
319 
324 
319 
323 
329 


334 
336 


340 
343 
346 


345 
346 


350 
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304 
356 
3o4 
353 
303 


300 


309 
390 


352 
301 
390 
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351 
300 
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Latitude 
Deg. Min. 
1S 2 
14 20 
18 15 

9 15 
7 ~#©30 
9 30 
9 20 
7 30 
4 30 
Bi 930 
6 20 
5 45 
Dales 
Dots 
i? ultO 
1 20 
2 0 
5 0 
2 20 
4 40 
7 45 
8 30 
4 2 
1 30 
> 20 
9 0 
21 45 
21 30 
20 0 
19 50 
23 0 
14. 20 
13 0 
1 0 
17 0 
1 20 
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612 COPERNICUS 


In THE MIDDLE, AND AROUND THE ECLIPTIC 


Constellations Longiiude Latitude 
Deg. Min. Deg. Min.| Magnitude 
On the eastern fin, near the tail 3538 20;N]11 465 | 4 


34 stars: 2 of third magnitude, 22 of fourth, 
3 of fifth, 7 of sixth 


UNCONSTELLATED STARS AROUND PISCES 
The more western on the northern side of 


the quadrilateral under the western Fish | 324 30|}5 |] 2 40] 4 
The more eastern S20 859(15!] 2 3Onea 
The more western on the southern side 324 “OS Pree 4 
The more eastern 325 4018] 5 3014 


4 unconstellated stars: of fourth magnitude 


Therefore, all in all, there are 348 stars in the zodiac: 5 of first magnitude, 9 of second, 
65 of third, 132 of fourth, 105 of fifth, 27 of sixth, 3 nebulous, 2 obscure; and, over and 
above the count, the Coma, which we said above was called Coma Berenices by Conon 
the mathematician. 


THE STARS OF THE SOUTHERN REGION 


CETUS, OR THE WHALE 


At the extremity of the nose ti OVS) 7» 4594 
The most eastern of thethreeinthejaws | 11 0/;}8S;11 20) 3 
The middle one, in the middle of the mouth 6 O15] 11 30 es 
The most western of the three, on the cheek 3 50|)58 | 14 UE 
In the eye . 4 0:18; 8 10/4 
Northward, in the hair 56 380;8; 6 20] 4 
[582] Westward, in the mane 1 0O/]S; 4 10] 4 
The more northern on the western side of 

the quadrilateral in the breast 355 20|8}] 24 30) 4 
The more southern 356 40] 8 | 28 0; 4 
The more northern of the two to the east Ox) - O25 wii0" 4 
The more southern 0 O;S{ 27 30] 3 
The middle one of the three on the body 345-1204 S725 4 Ques 
The most southern 346 20/}8 | 30 30/4 
The most northern of the three 348 20|8S | 20 0/3 
The more eastern of the two at the tail 4438 015,15 20;3 
The more western ga5 208} 15 “4071's 
The more northern on the eastern side of 

the quadrilateral in the tail 38577 0.8/5") Ths 40 
The more southern oat “ORS | 48 
The more northern of the two remaining to 

the west / 3382 40) 5 | 18 Oo} Ss 
The more southern 332 20)8 | 14 015 
At the northern extremity of the tail 327 40/58] 9 30/3 
At the southern extremity of the tail 329 0|8};20 20)83 


22 stars: 10 of third magnitude, 8 of fourth, 
4 of fifth 


REVOLUTIONS OF HEAVENLY SPHERES, II 


SOUTHERN SIGNS 


Constellations 

ORION 

The nebulous star on the head 

The bright, reddish star on the right 
shoulder 

On the left shoulder 

East of that star 

At the right elbow 

On the right forearm 

The more eastern on the southern side of the 
quadrilateral in the right hand 

The more western 

The more eastern on the northern side 

The more western on the same side 

The more western of the two on the club 

The more eastern 

The most eastern of the four in a straight 
line on the back 

- More western 

Still more western 

Most western 

The most northern of the nine on the shield 

The second 

The third 

The fourth 

The fifth 

The sixth 

[58>] The seventh 

The eighth 

The last and most southern 

The most western of the three bright stars 
on the sword-belt 

The middle one 

The most eastern of the three in a straight 
line 

On the hilt of the sword 

The most northern of the three on the sword 

The middle one 

The most southern one 

The more eastern of the two at the tip of the 
sword 

The more western 

On the left foot, the bright star which be- 
longs to Fluvius too 

On the left shin 

At the right heel 

At the right knee 

38 stars: 2 of first magnitude, 4 of second, 
8 of third, 15 of fourth, 3 of fifth, 5 of 
sixth, and 1 nebulous 


Longitude 
Deg. Min. 
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12 0 
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614 COPERNICUS 


SOUTHERN SIGNS 


Longitude Latitude 


Constellations Deg. Min.| |Deg. Min. 


FLUVIUS, OR THE RIVER 
After the left foot of Orion, and at the be- 


ginning of Fluvius 41 40/18) 31 50 
The most northern star within the bend of 

Orion’s leg 42 10|}S| 28 15 
The more eastern of the two after that 41 20|}8|29 50 
The more western 28 WOH) 28 5 
The more eastern of the next two 36 B08 | 25 
The more western 30 30. 40S 1:25 «20 
The most eastern of the three after them 29 40|]S | 26 0 
The middle one 29 Oi msi) 27 0 
The most western of the three 26 1818127 50 
The mosteastern of thefouraftertheinterval | 20 20|S | 32 50 
More western 18.-0)8)31 0 
Still more western 17 804.8. | 28 nm 40 
The most western of all four 15rd30; AS 9/428 0 
Again similarly, the most eastward of the 

four 10.) | ul aoe, 0 
More westward ea eS 4 a () 
Still more westward o. BOTS!) 2B = 10 
The most westward of the four 3 60);8)}23 15 
The star in the bend of Fluvius which 

touches the breast of Cetus 398 S0iiellis2 BO 
East of that 399 1018S} 34 50 
The most westward of the three to the east 2 S| 38 0 
[59%] The middle one 4 0) |55)| 3 a0 
The most eastward of the three 10 50/8 | 39 0 
The more northern of the two on the west- 

ern side of the quadrilateral 14 40;}8/41 30 
The more southern 14 50|8S {42 30 
The more western on the eastern side 15 30|8S|438 20 
The most eastward of those four 18 O08) 3 WO 
The more northern of the two contiguous 

stars towards the east 2) @ONESi|60 20 
The more southern 28 20 )15 | Slhw4s 
The more eastern of the two at the bend 21» 80 daS }) 5840 | 50 
The more western 19 AO: ).)%8 0 
The most eastern of the three in the remain- 

ing space 11 10;8 | 53 0 
The middle one S LO }S 1638 20 
The most western of the three 5eeden| Spe2 0 
The bright star at the extremity of theriver | 353 30 |S | 53 30 


34 stars: 1 of first magnitude, 5 of third, 27 
of fourth, 1 of fifth 


LEPUS, OR THE RABBIT 
The more northern one on the western side 


of the quadrilateral at the ears 43. 0/8 )| 35 0 
The more southern 43 10/18 | 36 ead 
The more northern one on the eastern side | 44 40/}8 1] 35 30 


Ot He» 


HPAP PALE L PREP TAPP PP Bw oo 


c: Or O1 


Magnitude 


REVOLUTIONS OF HEAVENLY SPHERES, II 


SOUTHERN SIGNS 


615 


Constellations 

The more southern 

At the chin | 

At the extremity of the left forefoot 

In the middle of the body 

Beneath the belly 

The more northern of the two on the hind 
feet 

The more southern 

On the loins 

At the tip of the tail 

12 stars: 2 of third magnitude, 6 of fourth, 
4 of fifth 


CANIS, OR THE DoG 

The very bright star called Canis, in the 
mouth 

On the ears 

On the head 

The more northern of the two on the neck 

The more southern 

On the breast 

The more northern of the two at the right 
knee 

The more southern 

At the extremity of the forefoot 

[59>] The more western of the two on the 
left knee 

The more eastern 

The more eastern of the two on the left 
shoulder 

The more western 

On the left hip 

Beneath the belly between the thighs 

In the hollow of the right foot 

At the extremity of the same foot 

At the tip of the tail 

18 stars: 1 of first magnitude, 5 of third, 5 
of fourth, 7 of fifth 


UNCONSTELLATED STARS AROUND CANIS 

North of the head of the Dog 

The most southern in a straight line under 
the hind feet 

The more northern 

Still more northern 

The last and farthest north of the four 


The most western of the three westward as: 


it were in a straight line 
The middle one 
The most eastern of the three 


Longitude 
Deg. Min. 


dt 
42 
39 
48 
48 


54 
52 
D3 
56 


ul 
73 
74 
76 
78 
73 


69 
69 
64 


68 
69 
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63 


64 | 
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Latitude 
Deg. Min. 
36. 40 
39 8640 
45 15 
41 30 
44 20 
44 0 
45 50 
38 20 
38  ~=10 
39 ~=6©10 
35 0 
36 = 330 
37.0 45 
40 0 
42 30 
Alm 16 
42 30 
41 20 
46 30 
45 50 
46 0 
47 0 
48 45 
51 30 
5b 10 
55 40 
50 =30 
25: W5 
60 30 
58 45 
57 0 
56 0 
-55, 30 
57 = 40 
59 8630 
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616 COPERNICUS 


SOUTHERN SIGNS 


Constellations 
The more western of the two bright stars 
beneath them 
The more western 
The remaining star, more southern 
11 stars: 2 of second magnitude, 9 of fourth 


CANICULA, OR PROCYON, OR THE LITTLE 
BitcH 

On the neck 

The bright star on the thigh, that is, 
I[poxiwy or Canicula, the Dog-star 

2 stars: 1 of first magnitude, 1 of fourth 


ARGO, OR THE SHIP 

The more western of the two at the extrem- 
ity of the Ship 

The more eastern 

The more northern of the two on the stern 

The more southern 

West of the two 

The bright star in the middle of the shield 

The most western of the three beneath the 
shield 

The most eastern 

The middle one of the three 

At the extremity of the rudder 

The more northern of the two on the stern 
keel 

The more southern 

[602] The most northern on the cross-bank 
of the stern 

The most western of the three on the same 

cross-bank 

The middle one 

The most eastern 

The bright star to the east on the cross- 
bank 


The more western of the two obscure stars | 


beneath that 

The more eastern 

The more western of the two east of the 
aforesaid bright star 

The more eastern 

The most northern of the three on the small 
shields and at the foot of the mast 

The middle one 

The most southern of the three 

The more northern of the two contiguous 
stars beneath them 

The more southern 
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59 40 
57 = 40 
5g'~«'30 
14 0 
167) 80 
42 40 
43 20 
45 0 
46 0 
45 30 
47 15 
49 45 
49 50 
49 15 
49 50 
53 0 
58 30 
5D 30 
58> "30 
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57 = 45 
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60 0 
59 20 
56 = 40 
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60 0 
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REVOLUTIONS OF HEAVENLY SPHERES, I 


SOUTHERN SIGNS 


Constellations 

The more southern of the two in the middle 
of the mast 

The more northern 

The more western of the two at the top part 
of the sail 

The more eastern 

Below the third star east of the shield 

In the section of the bridge 

Between the oars in the keel 

The obscure star east of that 

The bright star, east of that and below the 
cross-bank 

The bright star to the south, more within 
the keel 

The most western of the three to the east of 
that 

The middle one 

The most eastern 

The more western of the two in the section 

The more eastern 

The more western in the northwestern oar 

The more eastern 

The more western one in the remaining oar, 
Canopus 

The remaining star east of that 

45 stars: 1 of first magnitude, 6 of second, 
8 of third, 22 cf fourth, 7 of fifth, 1 of 
sixth 


Hypra 

Of the two more western of the five on the 
head, the more southern, at the nostrils 

The more northern of the two, and in the 
eye 

On the occiput, the more northern of the 
two to the east 

[60°] The more southern, and at the jaws 

East of all those and on the cheeks 

The more western of the two at the begin- 
ning of the neck 

The more eastern 

The middle one of the three at the curve of 
the neck 

East of that 

The most southern 

The obscure and northern star of the two 
contiguous to the south 

The bright one and to the south-east 

The most western of the three after the 
curve in the neck 


Longitude 
Deg. Min. 
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112 
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100 
95 
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43 20 
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54 =. 30 
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69 40 
65 40 
65 50 
65 50 
62 »\/50 
62 & 
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65 40 
75 0 
71 ~=50 
15 0 
13 40 
11 30 
14 45 
1%. .% 
1 =n" 5D 
13 30 
15 20 
14 50 
17 —=—10 
19 45 
20 30 
26 ~=30 
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618 COPERNICUS 


SOUTHERN SIGNS 


Constellations 

The most eastern 

The middle one 

The most western of the three in a straight 
line 

The middle one 

The most eastern one 

The more northern of the two beneath the 
base of the Cup 

The more southern 

East of them, the most western of the three 
on the triangle 

The most southern 

The most eastern of the same three 

East of the Crow, near the tail 

At the extremity of the tail 

25 stars: 1 of second magnitude, 3 of third, 
19 of fourth, 1 of fifth, 1 of sixth 


UNCONSTELLATED STARS AROUND HYDRA 
South of the head 

East of those on the neck 

2 unconstellated stars: of third magnitude 


CRATER, OR THE CUP 

On the base of the Cup and in Hydra too 

The more southern of the two in the middle 
of the Cup 

The more northern of them 

On the southern rim of the Cup 

On the northern part of the rim 

On the southern part of the stem 

On the northern part 

7 stars: of fourth magnitude 


[612] Corvus, oR THE Crow 

On the beak, and in Hydra too 

On the neck 

In the breast 

On the right wing, the western wing 

The more western of the two on the eastern 
wing 

The more eastern 

At the extremity of the foot, and in Hydra 
too 

7 stars: 5 of third magnitude, 1 of fourth, 
1 of fifth 


CENTAURUS, OR THE CENTAUR 
The most southern of the four on the head 
The more northern 


Longitude 
Deg. Min. 


124 


139 
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152 
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24 0 
24 30 
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23 ©6610 
25 45 
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26 0 
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11 45 
18 10 
2s) 120 
13 =50 


e Q 


PPP 


a Co © 


RP PP PP 


Magnitude 


greater 


smaller 


REVOLUTIONS OF HEAVENLY SPHERES, II 


SOUTHERN SIGNS 


Constellations 

The more western of the two in the middle 

The more eastern and last of the four 

On the left and western shoulder 

On the right shoulder 

On the left forearm 

The more northern of the two on the west- 
ern side of the quadrilateral on the shield 

The more southern 

Of the remaining two, the one at the top of 
the shield 

The more southern 

The most western of the three on the right 
side 

The middle one 

The most eastern 

On the right arm 

On the right elbow 

At the extremity of the right hand 

The bright star at the junction of the 
human body 

The more eastern of the two obscure stars 

The more western 

At the beginning of the back 

West of that, on the horse’s back 

The most eastern of the three on the loins 

The middle one 

The most western of the three 

The more western of the two contiguous 
stars on the right hip 

The more eastern 

On the breast, beneath the horse’s wing 

[61>] The more western of the two under the 
belly 

The more eastern 

In the hollow of the right hind foot 

On the pastern of the same 

In the hollow of the left <hind> foot 

Under the muscle of the same foot 

On top of the right forefoot 

At the left knee 

The unconstellated star below the right 
thigh 

37 stars: 1 of first magnitude, 5 of second, 
7 of third, 15 of fourth, 9 of fifth 


Bestia QuaM TENET CENTAURUS, OR THE 
Beast HELD BY THE CENTAUR—THE 
WoLr | 

At the top of the hind foot and in the hand 
of the Centaur 


| Longitude 
Deg. Min. 


182 
182 
179 
189 
182 


191 
192 


195 
196 


186 
187 
188 
189 
196 
200 


191 
191 
189 
185 
182 
179 
178 
176 
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176 
191 
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184 
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201 
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Latitude 
Deg. Min. 
20 30 
20 0 
25 30 
22 30 
17. —-30 
22 ©6230 
23 45 
me 15 
20 50 
28 20 
29 20 
28 0 
26. 30 
25 | a 
24 0 
33 =. 0 
31 0 
30 3=.20 
33 ~=—-50 
37. 30 
40 0 
40 20 
41 0 
46 10 
46 45 
40 45 
43 0 
43 45 
Sk “10 
51 40 
55 10 
55 40 
41 10 
45 20 
49 10 
24 50 
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620 COPERNICUS 


SOUTHERN SIGNS 


Constellations 

On the hollow of the same foot 

The more western of the two on the fore 
shoulder 

The more eastern 

In the middle of the body 

On the belly 

On the hip 

The more northern of the two at the begin- 
ning of the hip 

The more southern 

The upmost part of the loins 

The most southern of the three at the ex- 
tremity of the tail 

The middle one 

The most northern of the three 

The more southern of the two at the throat 

The more northern 

The more western of the two at the opening 
of the jaws 

The more eastern 

The more southern of the two on the fore- 
foot 

The more northern 

19 stars: 2 of third magnitude, 11 of fourth, 
6 of fifth 


ARA OR THURIBULUM, THE ALTAR OR THE 
CENSER 

The more northern of the two at the base 

The more southern 

At the center of the altar 

[622] The most northern of the three on the 
hearth 

The more southern of the remaining two 
contiguous stars 

The more northern 

In the midst of the flames 

7 stars: 5 of fourth magnitude, 2 of fifth 


Corona AUSTRINA, OR SOUTHERN CROWN 

The more western star on the outer periph- 
ery 

East of that on the crown 

East of that too 

Farther east of that also 

East of that and west of the knee of Sagit- 
tarius 

The bright star to the north on the knee 

The more northern 

Still more northern 


Longitude 
Deg. Min. 


199 


204 
207 
206 
203 
204 


208 
207 
208 


195 
195 
196 
212 
212 


209 
210 


240 
239 


231 
233 
229 


224 


228 
228 
224 


242 
245 
246 
248 


249 
250 
250 
249 


10 


20 
30 
20 
30 
10 


40 
50 
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Latitude 
Deg. Min. 
20°10 
Bi LG 
21 0 
25 8610 
27 0 
29 0 
28 = =30 
30 0 
33 «10 
31 20 
30 0 
29 20 
174 0 
15" 20 
13 30 
12 50 
11 0 
10 0 
22 40 
25 45 
26 ©6330 
30 6=.20 
34 =610 
33° «20 
34 «10 
21 30 
21 0 
20 =20 
20 0 
18 30 
1710 
16 0 
15 20 


(Su) 
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SOUTHERN SIGNS 


Longitude Latitude 


Constellations Deg. Min.| |Deg. Min.| Magnitude 

The more eastern of the two on the north- 

ern part of the periphery 248 30|S/15 50] 6 
The more western 248 O;}S8S|]14 50/6 
Some distance west of those 245 10};8{]14 401] 5 
Still west of that 243 “TORE SATS. 5015 
The last star, more towards the south 242.30, ).S,)118 30,95 
13 stars: 5 of fourth magnitude, 6 of fifth, 


2 of sixth 


Piscts AUSTRINUS, OR THE SOUTHERN FIsH 
In the mouth, and the same as at the ex- 


tremity of Aqua 300 20 | 8] 23 Oj 1 
The most western of the three on the head | 294 O{|S {21 20] 4 
The middle one 297 BOS, 1122 Woeh.4 
The most eastern B99 OB 22. 30.) 4 
At the gills 297-040 | Si.16 15) .4 
On the southern and dorsal fin 285 an S0b li | PLDs 1 GO" lad 
The more eastern of the two in the belly 294 30;S/15 10] 5 
The more western 292 10 | 45 | la "30° 4 
The most eastern of the three on the north- 

ern fin 25or. oO | oe lon ora 4 
The middle one 200 LOM Sar LENO “4 
The most western of the three 284 20;85/18 101] 4 
At the extremity of the tail 28911220") SH Ain 1S 4 
11 stars beside the first: 9 of fourth magni- 

tude, 2 of fifth 
[62>] UNCONSTELLATED STARS AROUND 

Piscis AUSTRINUS 
The most western of the bright stars west 

of Piscis 21 Ie 20 |p. 22) 20 183 
The middle one 272, OSS 22103 
The most eastern of the three 27 P20 Ss rer 013 
The obscure star west of that 275 20 PS 264.504" 5 
The more southern of the two remaining to 

the north PT, Wales ae 16 0) 4 
The more northern 277 10 Nes | 14 601-4 
6 stars: 3 of third magnitude, 2 of fourth, 

1 of fifth 


In the southern region 316 stars: 7 of first magnitude, 18 of second, 60 of third, 167 of 
fourth, 54 of fifth, 9 of sixth, and 1 nebulous. And so there are altogether 1024 stars: 15 of 
first magnitude, 45 of second, 206 of third, 476 of fourth, 217 of fifth, 49 of sixth, 11 
obscure, and 5 nebulous. 


BOOK THREE 


1. ON THE PRECESSIONS OF THE SOLSTICES AND EQUINOXES 


[632] Havine depicted the appearance of the fixed stars in relation to the an- 
nual revolution, we must pass on; and we shall treat first of the change of the 
equinoxes, by reason of which even the fixed stars are believed to move. Now 
we find that the ancient mathematicians made no distinction between the 
“turning” or natural year, which begins at an equinox or solstice, and the year 
which is determined by means of some one of the fixed stars. That is why they 
thought the Olympic years, which they measured from the rising of Canicula, 
were the same as the years measured from the summer solstice, since they did 
not yet know the distinction between the two. 

But Hipparchus of Rhodes, a man of wonderful acumen, was the first to call 
attention to the fact that there was a difference in the length of these two kinds 
of year. While making careful observations of the magnitude of the year, he 
found that it was longer as measured from the fixed stars than as measured from 
the equinoxes or solstices. Hence he believed that the fixed stars too possessed 
a movement eastward, but one so slow as not to be immediately perceptible. 
But now through the passage of time, the movement has become very evident. 
By it we discern a rising and setting of the signs and stars which are already far 
different from those risings and settings described by the ancients; and we see 
that the twelve parts of the ecliptic have receded from the signs of the fixed 
stars by a rather great interval, although in the beginning they agreed in name 
and in position. 

Moreover, an irregular movement has been found; and wishing to assign the 
caust for its irregularity, astronomers have brought forward different theories. 
Some maintained that there was a sort of swinging movement of the suspended 
world—like the movement in latitude which we find in the case of the planets— 
and that back and forth within fixed limits as far out as the world has gone for- 
ward in one direction it will come back again in the other at some time,! and 
that the extent of its digression from the middle on either side was not more 
than 8°. But this already outdated theory can no longer hold, especially because 
[63>] it is already clear enough that the head of the constellation of Aries has 
become more than three times 8° distant from the spring equinox—and similarly 
for other stars—and no trace of a regression has been perceived during so many 
ages. Others indeed have opined that the sphere of the fixed stars moves for- 
ward but does so by irregular steps; and nevertheless they have failed to define 
any fixed mode of movement. 

Moreover, there is an additional surprise of nature, in that the obliquity of 
the ecliptic does not appear so great to us as before Ptolemy—as we said above. 

For the sake of a cause for these facts some have thought up a ninth sphere 


1j.e., the sphere of the world has rotated westward and will at some time rotate eastward 
the same distance. 
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and others a tenth: they thought these facts could be explained through those 
spheres; but they were unable to produce what they had promised. Already an 
eleventh sphere has begun to see the light of day; and in talking of the move- 
ment of the Earth we shall easily prove that this number of circles is superfluous. 

For, as we have already set out separately in Book I, the two revolutions, 
that is, of the annual declination and of the centre of the Earth, are not alto- 
gether equal, namely because the restoration of the declination slightly antici- 
pates the period of the centre, whence it necessarily follows that the equinoxes 
seem to arrive before their time—not that the sphere of the fixed stars is moved 
eastward, but rather that the equator is moved westward, as it is inclined ob- 
liquely to the plane of the ecliptic in proportion to the amount of deflexion of the 
axis of the terrestrial globe. For it seems more accurate to say that the equator 
is inclined obliquely to the ecliptic than that the ecliptic, a greater circle, is in- 
clined to the equator, a smaller. For the ecliptic, which is described by the 
distance between the sun and the Earth during the annual circuit, is much 
greater than the equator, which is described by the daily movement of the 
Earth around its axis. And in this way the common sections of the equator and 
the oblique ecliptic are perceived, with the passage of time, to get ahead, while 
the stars are perceived to lag behind. But the measure of this movement and 
the ratio of its irregularity were hidden from our predecessors, because the period 
of revolution was not yet known on account of its surprising slowness—I mean 
that during the many ages after it was first noticed by men, it has advanced 
through hardly a fifteenth part of a circle, or 24°. Nevertheless, we shall state 
things with as much certitude as possible, with the aid of what we have learned 
concerning these facts from the history of observations down to our own time. 


2. HIsTORY OF THE OBSERVATIONS CONFIRMING THE [RREGULAR 
PRECESSION OF THE EQUINOXES AND SOLSTICES 


[642] Accordingly in the 36th year of the first of the seventy-six-year periods 
of Callippus, which was the 30th year after the death of Alexander the Great, 
Timochares the Alexandrian, who was the first to investigate the positions of 
the fixed stars, recorded that Spica, which is in the constellation of Virgo, had an 
angular elongation of 8214° from the point of summer solstice with a southern 
latitude of 2°; and that the star in the forehead of Scorpio which is the most 
northward of the three and is first in the order of formation of the sign had a 
latitude of 114° and a longitude of 32° from the autumn equinox. 

And again in the 48th year of the same period he found that Spica in Virgo 
had a longitude of 8214° from the summer solstice but had kept the same lati- 
tude. 

Now Hipparchus in the 50th year of the third period of Callippus, in the 
196th year since the death of Alexander, found that the star called Regulus, 
which is in the breast of Leo, was 293° to the east of the summer solstice. 

Next Menelaus, the Roman geometer, in the first year of Trajan’s reign, 7.e., 
in the 99th year since the birth of Christ, and in the 422nd year since the death 
of Alexander, recorded that Spica in Virgo had a longitude of 8614° from the 
[summer] solstice and that the star in the forehead of Scorpio had a longitude 
of 35114 2° from the autumn equinox. 

Following them, Ptolemy, in the second year of the reign of Antoninus Pius, 
in the 462nd year since the death of Alexander, discovered that Regulus in Leo 
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had a longitude of 3214° from the [summer] solstice; Spica, 861°; and that the 
star in the forehead of Scorpio had a longitude of 3614° from the autumn equi- 
nox, with no change in latitude—as was set forth above in drawing up the tables. 
And we have passed these things in review, just as they were recorded by our 
predecessors. 

After a great lapse of time, however, in the 1202nd year after the death of 
Alexander, came the observations of al-Battani the Harranite; and we may 
place the utmost confidence in them. In that year Regulus, or Basiliscus, was 
seen to have attained a longitude of 44°5’ from the [summer] solstice; and the 
star in the forehead of Scorpio, one of 47°50’ [64>] from the autumn equinox. 
The latitude of these stars stayed completely the same, so that there is no longer 
any doubt on that score. 

Wherefore in the year of Our Lord 1525, in the year after leap-year by the 
Roman calendar and 1849 Egyptian years after the death of Alexander, we were 
taking observations of the often mentioned Spica, at Frauenburg, in Prussia. 
And the greatest altitude of the star on the meridian circle was seen to be ap- 
proximately 27°. We found that the latitude of Frauenburg was 54°1914’. 
Wherefore its declination from the equator stood to be 8°40’. Hence its position 
became known as follows: 

For we have described the meridian circle ABCD through the poles of the 
ecliptic and the equator. Let AEC be the di- 
ameter and common section with the equa- 
tor; and BED is the diameter and common 
section with the ecliptic. Let F be the north 
pole of the ecliptic and FEG its axis; and let 
B be the beginning of Capricorn and D of 
Cancer. Now let Cc 

arc BH =2°, N 
which is the southern latitude of the star. 
And from point H let HL be drawn parallel 
to BD; and let HL cut the axis of the ecliptic 
at J and the equator at K. Moreover, let G 

arc MA =8°40’, 
in proportion to the southern declination of 
the star; and from point M let MN be drawn parallel to AC. 

MN will cut HIL the parallel to the ecliptic; therefore let ZN cut HIL 
at point O; and if the straight line OP is drawn at right angles to MN and AC, 
then : 


F 


OP=¥% ch. 2 AM. 
But the circles having the diameters FG, HL, and MN are perpendicular to 
plane ABCD; and by Euclid’s Elements, x1, 19, their common sections are at 
right angles to the same plane in points O and J. Hence by x1, 6, they [the com- 
mon sections] are parallel to one another. And since J is the centre of the circle 
whose diameter is HL, therefore line OJ will be equal to half the chord subtend- 
ing twice an arc in a circle of diameter 1 L—an arc similar to the arc which meas- 
ures the longitude of the star from the beginning of Libra, and this arc is what 
we are looking for. It is found in this way: 
Since the exterior angle is equal to its interior and opposite, 
angle AEB=angle OKP 
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and . 
angle OPK =90°. 
Accordingly 
[655] OP :OK=4% ch.2 AB: BE=¥Y% ch. 2 AH: HIK. 
For the lines comprehend triangles similar to OPK. 


But 
are AB =23°2814’, 
and 
4 ch. 2 AB=39,832, 
where BE = 100,000. 
And 


arc ABH =25°281’, 
4 ch. 2 ABH = 48,010, 
are MA =8°40’, 

which is the declination, 
and 

44 ch. 2 MA =15,069. 
It follows from this that 

HIK = 107,978, 


Cie— 31 eal, 
and by subtraction 
HO=70,147. 
But 
HOI=¥% ch. HGL 
and 
arc HGL=176°. 
Then 


HOI =99,939, 
where BE = 100,000. 
And therefore by subtraction, 
OI =HOI- HO=29,792. 
But in so far as HOJ =radius= 100,000, 
OI =29,810 
=16 ch. 2 arc 17°21’. 

This was the distance of Spica in [the constellation] Virgo from the beginning 
of Libra; and the position of the star was here. Moreover, ten years before, in 
1515, we found that it had a declination of 8°36’; and its position was 17°14’ 
distant from the beginning of the Balances. 

Now Ptolemy recorded that it had a declination of only 4°. Therefore its 
position was at 26°40’ of the [zodiacal sign] Virgo, which seems to be more or 
less true in comparison with the previous observations. 

Hence it appears clearly enough that during nearly the whole period of 432 
years from Timochares to Ptolemy the equinoxes and solstices were moved ac- 
cording to a precession of 1° per 100 years—if a constant ratio is set up between 
the time and the amount of precession, which added up to 414°. For in the 
266 years between Hipparchus and Ptolemy the longitude of Basiliscus in Leo 
from the summer solstice moved 224°, so that here too, by taking the time into 
comparison, there is found a precession of 1° per 100 years. 

Moreover, because during the 782 mean years between the observation of 
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Menelaus and that of al-Battani the first star in the forehead of Scorpio had a 
change in longitude of 11°55’, it will certainly seem that 1° should be assigned 
not to 100 years but rather to 66 years; but for the 741 years after Ptolemy, 1° 
to only 65 years. 

If finally the remaining space of 645 years is compared with the difference of 
9°11’ given by our observation, there will be 71 years allotted to 1°. 

From this it is clear that the precession of the equinoxes was slower [65°] dur- 
ing the 400 years before Ptolemy than during the time between Ptolemy and 
al-Battani, and that the precession in this middle period was speedier than in 
the time from al-Battani to us. 

Moreover, there is found a difference in the movement of obliquity, since 
Aristarchus of Samos found that the obliquity of the ecliptic and the equator 
was 23°51’20”, just as Ptolemy did; al-Battani, 23°35’; 190 years later Arzachel 
the Spaniard, 23°34’. And similarly after 230 years Prophatius the Jew found 
that the obliquity was approximately 2’ smaller. And in our time it has not 
been found greater than 23°2814’. Hence it is also clear that the movement was 
least from the time of Aristarchus to that of Ptolemy and greatest from that of 
Ptolemy to that of al-Battani. 


3. THE HypoTHEsEs BY MEANS OF WHICH THE MUTATION OF THE 
EQUINOXES AND OF THE OBLIQUITY OF THE ECLIPTIC AND THE 
EQUATOR ARE SHOWN 


Accordingly it seems clear from this that the solstices and equinoxes change 
around in an irregular movement. No one perhaps will bring forward a better 
reason for this than that there is a certain deflexion of the axis of the Earth and 
the poles of the equator. For that seems to follow upon the hypothesis of the 
movement of the Earth, since it is clear that the ecliptic remains perpetually 
unchangeable—the constant latitudes of the fixed stars bear witness to that— 
while the equator moves. For if the movement of the axis of the Earth were 
simply and exactly in proportion to the movement of the centre, there would 
not appear at all any precession of the equinoxes and solstices, as we said; but 
as these movements differ from one another by a variable difference, it was 
necessary for the solstices and equinoxes to precede the positions of the stars 
in an irregular movement. 

The same thing happens in the case of the movement of declination, which 
changes the obliquity of the ecliptic irregularly—although this obliquity should 
be assigned more rightly to the equator. 

For this reason you should understand two reciprocal movements belonging 
wholly to the poles, like hanging balances, since the poles and circles in a sphere 
imply one another mutually and are in agreement. Therefore there will be one 
movement which changes the inclination of those circles [667] by moving the 
poles up and down in proportion to the angle of section. There is another which 
alternately increases and decreases the solstitial and equinoctial precessions by 
a movement taking place crosswise. Now we call these movements “‘librations,”’ 
or ‘swinging movements,’’ because like hanging bodies swinging over the same 
course between two limits, they: become faster in the middle and very slow at 
the extremes. And such movements occur very often in connection with the 
latitudes of the planets, as we shall see in the proper place. 

They differ moreover in their periods, because the irregular movement of the 


REVOLUTIONS OF HEAVENLY SPHERES, III 627 


equinoxes is restored twice during one restoration of obliquity. But as in every 
apparent irregular movement, it is necessary to understand a certain mean, 
through which the ratio of irregularity can be determined; so in this case too it 
was quite necessary to consider the mean poles and the mean equator and also 
the mean equinoxesand points of solstice. The poles and theterrestrial equator, 
by being deflected in opposite directions away from these mean poles, though 
within fixed limits, make those regular movements appear to be irregular. And 
so these two librations competing with one another make the poles of the earth 
in the passage of time describe certain lines similar to a twisted garland. 

But since it is not easy to explain these things adequately with words, and 
still less—I fear—to have them 
grasped by the hearing, unless they 
are also viewed by the eyes, therefore 
let us describe on a sphere circle 
ABCD which is the ecliptic. Let the 
north pole [of the ecliptic] be EH, the 
beginning of Capricornus A, that of 
Cancer C’, that of Aries B, and that of 
Libra D. And through points A and C 
and pole £ let circle AEC be drawn. 
And let the greatest distance between 
the north poles of the ecliptic and of 
the equator be EF, and the least EG. 
Similarly let J be the pole in the 
middle position, and around J let the 
equator BHD be described, and let 
that be called the mean equator; and 
let B and D be called the mean equi- 
noxes. 

Let the poles of the equator, the equinoxes, and the equator be all carried 
around £ by an always regular movement westward, 7.e., counter to the order 
of the signs in the sphere of the fixed stars, and with a slow movement, as I said. 
Now let there be understood two reciprocal movements of the terrestrial poles 
like hanging bodies—one of them between the limits F and G, which will be 
called the movement of anomaly,!—.e., irregularity—of declination; the other 
from westward to eastward , and from eastward to westward. This second move- 
ment, which has twice the velocity of the first, we shall call the anomaly of the 
equinoxes. As both of these movements belong to the poles of the earth, they 
deflect the poles in a surprising way. 

For first with F as the north pole of the earth, [66>] the equator des- 
cribed around the pole will pass through the same sections B and D, i.e., 
through the poles of circle AFEC. But it will make greater angles of, obli- 
quity in proportion to are FJ. Now the second movement supervening does not 
allow the terrestrial pole, which was about to cross from the assumed starting 
point F' to the mean obliquity at J, to proceed in a straight line along FJ, but 
draws it aside in a circular movemer:t towards its farthest eastward latitude, 


1The term anomaly will be used to designate a regular movement the compounding of which 
with the principal regular movement being considered makes that principal movement ap- 
pear irregular. 
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which is at K. The intersection of the apparent equator OQP described around 
this position will not be in B but to the east of it in O, and the precession of the 
equinoxes will be decreased in proportion to are BO. Changing its direction and 
moving westwards, the pole is carried by the two simultaneously competing 
movements to the mean position J. And the apparent equator is in all respects 
identical with the regular or mean equator. Crossing there, the pole of the earth 
moves westward and separates the apparent equator from the mean equator 
and increases the precession of the equinoxes up to the other limit Z. There 
changing its direction again, it subtracts what it had just added to the preces- 
sion of the equinoxes, until, when situated at point G, it causes the least ob- 
liquity at the same common section B, where once more the movement of the 
equinoxes and solstices will appear very slow, in approximately the same way as 
at F. At this time the irregularity of the equinoxes stands to have completed its 
revolution, since it has passed rom the mean through both extremes and back 
to the mean; while the movement of obliquity in going from greatest declina- 
tion to least has completed only half its circuit. Moving on from there, the pole 
advances eastward to the farthest limit W/;and, after reversing its direction there 
becomes one with the mean pole J; and oncemoreit proceeds westward and after 
reaching the limit N finally [677] completes what we called the twisted line 
FKILGMINF. And so it is clear that in one cycle of obliquity the pole of the 
Earth reaches the westward limit twice and the eastward limit twice. 


4. How rue ReciprocaL MovEMENT OR MOVEMENT OF LIBRATION 
Is COMPOSED OF CIRCULAR MOVEMENTS 


Accordingly we shall make clear exactly how this movement agrees with the 
appearances. In the meantime someone will ask how the regularity of these 
librations is to be understood, since it was said in the beginning that the celestial 
movement was regular, or composed of regular and circular movements. But 
here in either case of libration two movements are apparent as one movement 
between two limits, and the two limits necessarily make a cessation of move- 
ment intervene. For we acknowledge that there are twin movements, which are 
demonstrated from regular movements in this way. 

Let there be the straight line AB, and let it be cut into four equal parts at 
points C’, D, and EF. Let the homocentric circles 
ADB and CDE be described around D in the 
same plane. And in the selfsame plane ADB 
and CDE, let any point F' be taken on the cir- 
cumference of the inner circle; and with F as /: 
centre and radius equal to FD let circle GHD be 
described. And let it cut the straight line AB at 
point H; and let the diameter DFG be drawn. 
We have to show that when the twin movements ‘ 
of circles GHD and CFE compete with one 
another, the movable point H proceeds back and 
forth along the same straight line AB by a re- 
ciprocal motion. 

This will take place if we understand that H 
is moved in a different direction from F and through twice the distance, 
since the angle same CDF which is situated at the centre of circle CFE and on 
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the circumference of circle GHD comprehends both arcs of the equal circles: 
are FC and are GH which is twice are FC. 

It is laid down that at some time upon the coincidence of the straight lines 
ACD and DFG the moving point H will be at G, which will then coincide with 
A; and F will be at C. Now, however, the centre F has moved towards the right 
alongCF,and H has moved along the circumference to the left twice the distance 
CF [67°] or vice versa; accordingly /7 will be deflected along line AB; otherwise 
the part would be greater than the whole, as it is easy to see. But H has moved 
away from its first position along the length AH made by the bent line DFH, 
which is equal to 4D; and H has moved for a distance by which the diameter 
DFG exceeds chord DH. And in this way H will be made to arrive at centre D, 
which will be the point of tangency of circle DHG with straight line AB, namely 
when GD is at right angles to AB; and then H will reach the other limit at B, 
and from that position it will move back again according to the same ratio. 

Therefore it is clear that movement along a straight line is compounded of 
two circular movements which compete with one another in this way; and that 
a reciprocal and irregular movement is composed of regular movements; as was 
to be shown. Moreover it follows from this that the straight line GH will always 
be at right angles to AB; for lines DH and HG, being in a semicircle, will always 
comprehend a right angle. And accordingly 

GH = 4 ch. 2 AG; 
and 
DH=¥% ch. 2 (90°—AG), 
because circle AGB has twice the diameter of circle HGD. 


5. A DEMONSTRATION OF THE IRREGULARITY OF THE EQUINOCTIAL 
PRECESSION AND THE OBLIQUITY 


For this reason some call this movement of the circle a movement in width, 
1.e., along the diameter. But they determine its periodicity and its regularity by 
means of the circumference, and its magnitude by means of the chords sub- 
tending. On that account it is easily shown that the movement appears irregular 
and faster at the centre and slower [68+] at the circumference. 

For let there be the semicircle ABC with centre D and diameter ADC, and 
let it be bisected at point B. Now let equal arcs AH and BF be taken, and 
from points F and # let EG and FK be drawn perpen- 
dicular to ADC. Therefore, since 

2 DK =2 ch. BF, 


and 
2 EG=2 ch. AE, 

then 

DK=EG. 
But by Euclid’s Elements, 111, 7, 

AG<GE; 
hence 

AG<DK. 


But GA and KD will take up equal time because 
arc AH=arc BF; 
therefore the movement in the neighbourhood of 
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arc A will [appear to] be slower than in the neighbourhood of the centre D. 

Having shown this, let us take LZ as the centre of the Earth, so that the 
straight line DL is perpendicular to plane ABC of the semicircle; and with L 
as centre and through points A and C let arc AMC of a circle be described; and 
let LDM be drawn in a straight line. Accordingly the pole of the semicircle 
ABC will be at M, and ADC will be the common section of the circles. Let LA 
and LC be joined; and similarly LK and LG too. And let LK and LG extended 
in straight lines cut are AMC at N and O. Therefore, since angle LDK is right, 
angle LAD is acute. Wherefore too the line LK is longer than LD, and all the 
more is side LG greater than side LK, and LA than LG in the obtuse triangles. 
Therefore the circle described with L as centre and LK as radius will fall be- 
yond LD, but will cut LG and LA; let it be described, and let it be PKRS. 
And since 

trgl. LDK <sect. LPK, 
while 
trgl. LGA >sect. LRS, 
on that account 
trgl. LDK: sect. LPK <trgl. LGA : sect. LRS. 
Hence, alternately also, 
trgl. LDK : trgl. LGA <sect. LPK : sect. LRS. 
And by Euclid’s Elements, v1, 1, 
trgl. LDK : trgl. LGA =base DK : base AG. 
But 
sect. LPK : sect. LRS=angle DLK : angle RLS=are MN : arc OA. 

Therefore 


base DK : base GA <are MN : arc OA. 
But we have already shown that 
DK>GA. 
All the more then ° 
[68>] MN >OA. 
And arcs MN and OA are understood as having been described during equal 
intervals of time by the po'es of the earth in accordance with the equal arcs of 
anomaly AH and BF—as was to be shown. But since the difference between 
greatest and least obliquity is so slight as not to exceed 2%°, there will be 
no sensible difference between the curved line AMC and the straight line 
ADC; and so no error will arise if we work simply with line ADC and semi- 
cifcle ABC. 

Practically the same thing happens in the case of the other movement of the 
poles, which has to do with the equinoxes, since this movement does not ascend 
to the mean degree, as will be apparent below. Once more let there be the circle 
ABCD through the poles of the ecliptic and the mean equator. We may call it 
the mean colure of Cancer. Let the semicircle of the ecliptic be DEB and the 
mean equator AEC; and let them cut one another at point EZ, where the mean 
equinox will be. Now let the pole of the equator be Ff, and let the great circle 
FEI be deseribed through it. On that account it will be the colure of the mean 
or regular equinoxes. 

Therefore for the sake of an easier demonstration let us separate the libration 


REVOLUTIONS OF HEAVENLY SPHERES, III 631 


of the equinoxes from the obliquity of the ec- 
A liptic. On the colure EF let arc FG be taken, and 
e through that distance let G the apparent pole 


of the equator be understood as removed from 
F the mean pole. And with G asa pole let ALKC 
the semicircle of the apparent equator be de- 
| scribed. It will cut the ecliptic at L. Therefore 


point L will be the apparent equinox; and its 


F 

distance from the mean equinox will be meas- 
ured by are LE, which is produced by are HK 

the equal of FG. 
ZB But with K as a pole we shall describe circle 
z= AGC; and let it be understood that the equa- 
torial pole during the time in which the libra- 
tion FG takes place does not remain the ‘‘true”’ 
pole at point G, but, driven by another libration or swinging movement, moves 
away in the direction of the oblique ecliptic through arc GO. Therefore while 
ecliptic BED abides, the “true” equator will be changed to the “apparent” in 
accordance with the transposition of the pole to O. And similarly the move- 
ment of intersection LZ the apparent equinox will be faster in the neighbourhood 
of the mean [equinox] # and very slow in the neighbourhood of the extreme 
equinoxes, more or less in proportion to the swinging movement of the poles 


which we have already demonstrated—as was worth the trouble of our attention. 


6. ON THE REGULAR MOVEMENTS OF THE PRECESSION OF THE 
EQUINOXES AND OF THE INCLINATION OF THE ECLIPTIC 


[697] Now every apparent irregular ci cular movement passes through four 
termini: there is the terminus where it appears slow and the terminus where it 
appears fast, as if at the extremes, and the terminus where it appears to have a 
mean velocity, as if at the means, since from the point which is the end of de- 
crease in velocity and the beginning of increase it passes on to a mean velocity; 
and from the mean velocity it increases till it becomes fast; again after being 
fast it approaches a mean velocity, whence for the remainder of the cycle it 
changes to its former slowness. 

By means of that it is possible to know in what part of the circle the position 
of the non-uniform movement, or irregularity, is at a given time; and too by 
means of these indications the restitution of the irregularity is perceptible. Ac- 
cordingly in a quadrisected circle let A be the position of greatest slowness, B 
the mean of increasing velocity, C the end of the increase and the beginning of 
the decrease, and D the mean of decreasing velocity. Therefore, since, as was 
reported above, the apparent movement of the precession of the equinoxes was 
found to be rather slow in the time between Timochares and Ptolemy in com- 
parison with the other times, and because for a while it appeared regular and 
uniform, as is shown by the observations of Aristyllus, Hipparchus, Agrippa, 
and Menelaus which were made at the middle of that time; it argues that the 
apparent movement of the equinoxes had been simply at its slowest and at the 

1This circle is not the circle of libration, of course, but a circle which typifies the cycle in 


velocity which results from compounding the libration with the regular movement of preces- 
sion of the equinoxes. ; 
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middle of this time was at the beginning of increase in velocity, when the cessa- 
tion of the decrease conjoined to the beginning of the increase by reason of 
mutual compensation made the movement seem uni- 

form for the time being. Accordingly Timochares’ ob- B 
servation must be placed in the fourth quadrant of the 

circle along DA; but Ptolemy’s falls in the first quad- 

rant along AB. Again, because in the second interval, 

the one between Ptolemy and al-Battani the Harranite A g 
the movement is found to have been faster than in the 

third, it is clear that the point of highest velocity was 

passed during the second interval of time, and the ir- 

regularity had already reached the third quadrant of D 

the circle along CD, and that from the third interval 

down to us the restoration of the irregularity was nearly 

completed and has nearly returned to its starting-point with Timochares. For 
if we divide the cycle of 1819 years between Timochares and us into the cus- 
tomary 360 parts, we shall have proportionately an are of 8514° for 432 years; 
146°51’ for 742 years; and the remaining arc of 127°39’ for the remaining 645 
years. 

We have made these determinations by an obvious and simple inference; 
[69>] but upon working them over with stricter calculations, to see how exactly 
they agree with observations, we find that the movement of irregularity during 
the 1819 Egyptian years has already exceeded its complete revolution by 21°24’, 
and that the time of the period comprehends only 1717 Egyptian years. In 
accordance with this ratio it is discovered that the first segment of the circle has 
90°35’; the second, 155°34’; while the third period of 543 years will comprehend 
the remaining 113°51’ of the circle. Now that these things have been set up in 
this way, the mean movement of the precession of the equinoxes is also dis- 
closed; and it is 23°57’ for these same 1717 years, at the end of which the whole 
movement of irregularity was restored to its pristine status, since for the 1819 
years we have an apparent movement of approximately 25°1’. 

But in 102 years after Timochares—the difference between the 1717 years 
and the 1819 years—the apparent movement must have been about 1°4’, be- 
cause it is probable that the apparent movement was then a little greater than 
to need only 1° per 100 years, since it was decreasing without yet having reach- 
ed the end of the decrease. Hence, if we subtract 1°4’ from 25°1’ there will re- 
main, as we said, for the 1717 Egyptian years a mean and regular movement of 
23°57’, now corrected according to the apparent and irregular movement: hence 
the complete and regular revolution of the precession of the equinoxes arises in 
25,816 years, during which time 15 cycles of irregularity are traversed and ap- 
proximately 144g cycle over and above. 

Moreover, the movement of obliquity, whose restoration we said was twice 
as slow as the irregular precession of the equinoxes, accords with this ratio. For 
the fact that Ptolemy reports that during the 400 years between the time of 
Aristarchus of Samos and his own the obliquity of 23°51’20” had hardly changed 
at all indicates that the obliquity was then close to the limit of greatest obliquity, 
namely when the precession of the equinoxes was in its slowest motion. 
But now also when the same restoration of slowness is approaching, the incli- 
nation of the axis is not at its greatest but is near its least. In the middle of 
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the time in between, al-Battani the Harranite, as was said, found that the in- 
clination was 23°35’; 190 years after him Arzachel the Spaniard, 23°34’; and 
similarly 230 years later Prophatius the Jew found it approximately 2’ less. 
Finally as regards our own times, we in 30: years of frequent observation found 
it approximately 23°28 24’—from which George Peurbach and John of Mon- 
teregium, [70*] our nearest predecessors, differ slightly. Here again it is per- 
fectly obvious that for the 900 years after Ptolemy the change in obliquity was 
greater than for any other interval of time. 

Therefore since we already have the cycle of irregularity of precession in 1717 
years, we shall also have half the period of obliquity in that time, and in 3434 
years its complete restoration. Wherefore if we divide the 360° by the number 
of the 3434 years or 180° by 1717, the quotient will be the annual movement 
of simple anomaly of 6’17”24’""9”’"". These in turn distributed through the 365 
days give a daily movement of 172/72’, 

Similarly, when the mean precession of equinoxes has been distributed 
through the 1717 years—and there was 23°57’—an annual movement of 50” 
12’5’""" will be the result; and this distributed through the 365 days will give 
a daily movement of 8’15'’”. 

But in order that the movements may be more in the open and may be found 
right at hand when there is need of them, we shall draw up their tables or canons 
by the continuous and equal addition of annual movement—60 parts always 
being carried over into the minutes or degrees, if the sum exceeds that—and for 
the sake of convenience we shall keep on adding until we reach the 60th year, 
since the same configuration of numbers returns every sixty years, only with the 
denominations of degrees and minutes moved up, so that what were formerly 
seconds become minutes and so on.! By this abridgement in the form of brief 
tables, it will be possible merely by a double entry to determine and infer the 
regular movements for the years in question among the 3600 years. This is also 
the case with the number of days. 

Moreover, in our computations of the celestial movements we shall employ 
the Egyptian years, which alone among the legal years are found equal. For it is 
necessary for the measure to agree with the measured; but that is-not the case 
with the years of the Romans, Greeks, and Persians, for intercalations are made 
not in any single way, but according to the will of the people. But the Egyptian 
year contains no ambiguity as regards the fixed number of 365 days, in which 
throughout twelve equal months—which they name in order by these names: 
Thoth, Phaophi, Athyr, Chiach, Tybi, Mechyr, Phamenoth, Pharmuthi, 
Pachon, Pauni, Epiphi, and Mesori—in which, I say, six periods of 60 days are 
comprehended evenly together with the five remaining days, which they call 
the intercalary days. For that reason Egyptian years are most convenient for 
calculating regular movements. Any other years are easily reducible to them by 
resolving the days. . 

1That is to say, the same configurations of numbers return in multiples of sixty years, be- 


cause the cycle of movement is divided according to the sexagesimal system—just as it would 
return in multiples of ten years if the circle were divided according to the decimal system. 
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7. WHAT THE GREATEST DIFFERENCE Is BETWEEN THE REGULAR 
AND THE APPARENT PRECESSION OF THE EQUINOXES 


[72>] Now that the mean movements have been set out in this way, we must 
inquire what the greatest difference is between the regular and the apparent 
movement of the equinoxes, or what the diameter of the small circle is, through 
which the movement of anomaly turns.! For when this is known, it will be easy 
to discern various other differences in the movements. As was written above, 
between the observation of Timochares, which came first, and that of Ptolemy 
in the second year of the reign of Antoninus Pius, there were 432 years; and dur- 
ing that time the mean movement was 6° and the apparent 4°20’. So the differ- 
ence between them is 1°40’. And the movement of double? anomaly was 90°35’. 
Moreover, it seems that at the middle of this period of time or around there the 
apparent movement reached its peak of greatest slowness. At that time the 
[position of the] apparent movement necessarily agreed with the mean move- 
ment, and the true equinox and the mean equinox occurred at the same section 
of the circles. Wherefore if we make a distribution of the movement and the 
time into two equal parts, there will be in each part as differences between the 
irregular and the regular movement 199°, which the circle of anomaly compre- 
hends on either side beneath an arc of 45°1714’. But since all these differences 
are very small and do not amount to 114° on the ecliptic, and the straight lines 
are almost equal to the arcs subtended by them, and there is scarcely any di- 
versity found in the third-minutes: we who are staying within the minutes will 
make no error if we employ straight lines instead of arcs. 

[73] Let ABC be a part of the ecliptic and on it let the mean equinox be B. 
And with B as pole let there be described the semicircle 
ADC, and let it cut the ecliptic at points A and C.. More- cD 
over let DB be drawn from the pole of the ecliptic, it will 
bisect the semicircle at D; and let D be understood to be 
limit of greatest slowness and beginning of the in- 
crease.4 In the quadrant AD let A Cc 

arc DE =45°1714'; 
and through point HE from the pole of the ecliptic, let 
fall EF; and let 
BF=50’. 
Our problem is to find out from this what the whole 
BFA is. 
Accordingly it is clear that 
2 BF=ch. 2 DE. 


17.e., what the diameter of the small circle is, along which the libration takes place back 
and forth. 

2The anomaly of precession is called the “double” anomaly because it completes two cycles 
for one cycle of the anomaly of obliquity. 

3As Copernicus showed in Chapter 4, the movement of the libration, considered above, 
appears fastest around the centre of the circle. Hence the apparent movement itself will ap- 
pear slowest when the fastest movement of libration is in opposition to the mean movement 
with which it is compounded. And the fastest libration is in opposition to the mean movement 
when the apparent equinox is swinging ‘eastward and is in the neighbourhood of the centre of 
the circle or the mean equinox. 

‘Thus, circle A DC is the circle of libration transferred from the pole of the ecliptic to around 
the equinox—as in the last diagram in Chapter 5. 
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But 
FB : AFB=7107 : 10,000 = 50’ : 70’. 
Hence 
A2B—1°)0%, 

and that is the greatest difference between the mean and the apparent move- 
ment of the equinoxes, which we were seeking; and the greatest polar deflexion 
of 28’ follows upon it. 

[72>] For with this set-up let ABC be the arc of the ecliptic, BDE the mean 

equatorial arc, and B the mean section of the appar- 

ent equinoxes, either Aries or Libra, and through the 

poles of DBE let fall BF. Now along arc ABC on 

both sides let 

arc BI=arc BK =1°10’: 
hence, by addition, 
ance bio 220). 
Moreover, let there be drawn at right angles to 

FB extended to FBH the two arcs JG and HK of the 
C apparent equators. Now I say “at right angles,” [73+] 

though the poles of JG and /K are usually outside of 
circle BF, since the movement of obliquity gets mixed in, as was seen in the hy- 
pothesis, but on account of the distance being very slight—for at its greatest it 
does not exceed 90°/350—we employ these angles as angles which are right to 
sense-perception. For no great error will appear on that account. Therefore in 
triangle BG 


angle [BG =66°20’, 
since its complement, as being the angle of mean obliquity of the ecliptic, 
angle DBA = 23°40’. 
And 
angle BGI =90°. 
Moreover, 
angle BIG angle JBD, 
because they are alternate angles. And 
side JB=70’. 
Therefore too 
arc BG = 28’, 
and that is the distance between the poles of the mean and the apparent equator. 
Similarly in triangle BHK, 
angle BHK =angle [GB 


and 
angle HBK =angle IBG, 
and 
side BK =side BI. 
Moreover, 
BH =BG=238’. 
For 


GB :IB=BH : BK; 
and the movements will be of the same ratio in the poles as in the intersections. 
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8. ON THE PARTICULAR DIFFERENCES IN THE MOVEMENTS 
AND THE TABLE OF THEM 
[73>] Therefore since 
ate AB= 0, 

and since arc AB does not appear to differ from the chord subtending it length- 
wise, it will not be difficult to exhibit certain other differences between the mean 
and the apparent movements. The Greeks call the differences rpocOadarpécers, 
or ‘‘additosubtractions,” and later writers ‘‘aequationes,’”’ by the subtraction or 
addition of which the apparent movements are made to harmonize [with the 
mean movements]. We shall employ the Greek word as being more fitting. 
Therefore if 

arcu Bia 13> 


then in accordance with the ratio of AB to the chord BF, E? 
arc BF =4’, 
which is the additosubtraction. And if 
ED=6° 
then ; A C 
BE x7; 
and if aa % 
ED=9° 
then : 
BF=11', 
and so on. 


We think we should use a similar ratio in the case of the change of obliquity 
also, where, as we said, a difference of 24’ has been found between the greatest 
and the least obliquity. These 24’ subtend a semicircle of simple anomaly every 
1717 years, and the mean differences subtending a quadrant of a circle will be 
12’, where the pole of the small circle of this anomaly will be at an obliquity of 
23°40’. 

And in this way, as we said, we'shall extract the remaining parts of difference 
approximately in proportion to the aforesaid as in the subjoined table. And if 
through these demonstrations the apparent movements can be compounded 
by various modes, nevertheless that mode is better whereby all the particular 
additosubtractions may be taken separately, that the calculus of their move- 
ments may be easier to understand and may agree better with the explanations 
of what has been demonstrated. 

Accordingly we have drawn up a table of sixty rows, increasing by 3°’s. For 
in this way it will not be spread over too much space, and it will not seem to be 
compressed into too little—as we shall do in the case of the similar remaining 
tables. The table will have only four main columns, the first two of which will 
contain the degrees of both semicircles; and we call them the common numbers, 
because the obliquity of the circle of signs is taken from the simple number, and 
twice the number applies to the additosubtractions of the movement of the 
equinoxes; and the numbers have their commencement at the beginning of the 
increase [74] [in velocity]. In the third column will be placed the additosub- 
tractions of the equinoxes corresponding.to the single 3°’s; and they are to be 
added to, or subtracted from, the mean movement—which we measure from the 


lj.e., in the foregoing diagram, the first quadrant comprises the arc DA; and the fourth 
quadrant the are CD. 
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head of Aries at the spring equinox. The subtractive additosubtractions corre- 
spond to the numbers in the first semicircle of the anomaly or the first column; 
and the additive, to those in the second column and the second semicircle. 
Finally, in the last column are the minutes, which are called the differences in 
the proportions of obliquity and which go up to 60’, since in place of the differ- 
ence of 24’ between greatest and least obliquity we are putting 60’, and we ad- 
just the proportional minutes to them in the same ratio in proportion to the 
other differences of obliquity. On that account we place 60’ as corresponding to 
the beginning and end of the anomaly; but where the difference of obliquity is 
22’, as in the anomaly of 33°, we put 55’ instead. In this way we put 50’ in place 
of 20’, as in the anomaly of 48°; and so on for the rest, as in the subjoined table.! 


ADDITIONS-AND-SUBTRACTIONS OF EQUINOXES, OBLIQUITY OF THE EcuiIpTic 


Additions-and-| ~ Additions-and- 
Common Subtractions | Proportional Common Subiractions | Proportional 
Numbers of Movement | Minutes of Numbers of Movement | Minutes of 
of Equinoxes Obliquity , of Equinozes\ | Obliquity 

Deg. Deg. Deg. Min. Deg. Deg. Deg. Min. 
3 307 0 4 60 93. 267 il 10 28 
6 354 0 a 60 96 264 fr 10 27 
9 351 0 Il 60 oo 2G! 1 9 25 
12 348 0 14 59 102 258 1 9 24 
15 345 0 18 59 105 255 1 8 22 
18 342 0 21 59 108» 7252 I 7 21 
21 339 0 25 58 lll 249 1 5) 19 
24 336 0 28 Ey 114 246 1 4 18 
aie 333 0 32 56 117. 243 1 2 16 
30 330 0 35 56 120 =240 1 I 15 
33 327 0 38 ay) 123. » 237 0 59 14 
36 324 0 41 54 126 234 0 56 12 
39 321 0 44 03 129” 2351 0 04 aad 
42 318 0 47 a2 io 420 0 52 10 
45 315 0 49 ol 135° 225 0 49 9 
48 312 0 52 50 138!) 222 0 47 8 
ol 309 0 54 49 141 219 0 44 7 
54 306 0 06 48 144. 216 0 4] 6 
57 303 0 9 46 147-218 0 38 5) 
60 300 1 45 150 ,.,210 0 30 4 
63 297 1 2 44 153. 207 0 32 3 
66 294 he 4 42 156 204 0 28 3 
69 291 J 5) 41 159 ~ 201 0 29 2 
¢2Z 288 1 7 39 162 198 0 21 1 
To 285 1 8 38 165° 195 0 18 1 
78 282 1 9 36 168 192 0 14 1 
81 279 1 9 35 171 +189 0 iB: 0 
84 276 i! 10 33 174 186 0 a 0 
87 273 1 10 32 177 | 1483 0 4 0 
90 270 1 10 30 180 180 0 0 0 


1Thus, let line FG, as in Chapter 3, represent the colure of the solstices. Point F is the limit 
of greatest obliquity of the ecliptic, point'G that of the least; and thus the distance FG is 28’, 
The distance KN of the libration of the equinoxes is 2°20’. In the foregoing table the anomalies 
of precession and of obliquity are taken as starting at point J and proceeding along the route 
INFKILGM. 
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9. ON THE EXAMINATION AND CORRECTION OF THAT Wuicyu Was SEr 
FortH CONCERNING THE PRECESSION OF THE EQUINOXES 


[75°] But since by an inference we took the beginning of increase in the move- 
ment of anomaly as occurring in the middle of the time from the 36th year of 
the first period of Callippus to the 2nd year of Antoninus, and we take the order 
of the movement of anomaly from that beginning; it is still necessary for us to 
test whether we did that correctly and whether it agrees with the observations. 

Let us consider again the three observations of the stars made by Timochares, 
Ptolemy, and al-Battani the Harranite: And it is clear that there were 432 
Egyptian years in the first interval and 742 years in the second. The regular 
movement in the first span of time was 6°; the irregular movement 4°20’; and 
the movement of double anomaly 90°35’, subtracting 1°40’ from the Weillor 
movement. During the second interval the regular movement was 10°21’, the 
irregular 111°; and the movement of double anomaly was 155°34’, adding 1°9’ 
to the regular movement. 

Now as before let the arc of the ecliptic be ABC, and let B—which is to be the 
mean spring equinox—be taken as a pole; let 

are AB=1°10’, 

and let the small circle ADCE be described. But let the 
regular movement of B be understood as in the direction 
of A, 2.e., westward; and let A be the westward limit, 
where the irregular equinox is westernmost; and C the 
eastern limit, where the irregular equinox is eastern- 
most. Furthermore, from the pole of the ecliptic drop 
DBE through point B. DBE together with the ecliptic 
will cut the small circle ADCE into four equal parts, 
since circles described through the poles of one another 
cut one another at right angles. However since the movement in the semicircle 
ADC is eastward, and the movement remaining in CEA is westward, the ex- 
treme slowness of the apparent equinox will be at D on account of its resistance 
to the forward movement of B; but there will be at E the greatest velocity for 
the movements moving forwards in the same direction. 

Moreover on either side of D let 

arc FD=are DG=45°17’. 
Let F be the first terminus of the anomaly—the one observed by Timochares; 
G the second—the one observed by Ptolemy; and P the third—the one observed 
by al-Battani. And through these points let fall great circles FN, GA, and OP 
through the poles of the ecliptic; and they all ]75>] appear in this very small 
circle rather much like straight lines. Therefore 
arc FDG=99°35’, 
where circle ADCE =360°, 


wherefrom 
—add. MN =1°40’, 
where ABC = 2°20’. 
And 
arc GCEP = 155°34’, 
wherefrom 


-+add. MBO =109’. 


REVOLUTIONS OF HEAVENLY SPHERES, HI 641 


Accordingly, by subtraction, 
are PA = 1 18°54 
wherefrom 
+add. ON =381’ 
where AB=70’. 
But since by addition 
arc DGCEP = 200°51’ 

and 

EP=DGCEP-— 180° =20°51’; 
therefore by the table of chords in a circle, as if a straight line, 

BO =356, 
where AB= 1,000. 


But 
BOs 24’, 
where AB=70’; 

and 

MB=50'. 
Hence, by addition, 

MBO=74', 
and, 

NO=MN —MBO=20’. 

But, in the foregoing, 

MBO =69’, 
and 

NO=81’. 


Hence NO has a deficiency of 5’; and JO has an excess of 5’. Accordingly the 
circle ADCE must be revolved, until there is compensation on both sides. 
But this will take place if 
are DG =421,°, 
so that by subtraction, 
arc DF =48°5’. 
For by this both errors will seem to be corrected and everything else will be all 
right, since—with the beginning at D the limit of greatest slowness— 
sre DGCH PAF =3811°55’, 
which is the movement of anomaly at the first terminus; at the second terminus 
arc DG =421)4°; 
and at the third terminus 
are DGCEP = 198°4’. 
Now since 
AB=70'; 
at the first terminus 
+add. BN =52’, 
by what has been shown; at the second terminus 
—add. IMB=4714’; 
and at the third terminus again 
+add. BO=21’. 
Therefore during the first interval 
arc MN =1°40’, 
and during the second interval 
are MBO =1°9’: 
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and they agree exactly with the observations. Moreover, by those means a 
simple anomaly of 155°5714’ is made evident at the first terminus; at the second 
terminus, one of 21°15’; and at the third terminus, a simple anomaly of 99°2’— 
as was to be shown. 


10. WHAT THE GREATEST DIFFERENCE IS BETWEEN THE INTERSECTIONS 
OF THE EQUATOR AND THE ECLIPTIC 


[76°] In the same way we shall confirm what we expounded concerning the 
change in obliquity of the ecliptic and the equator and shall find it to be correct. 
For we have in Ptolemy for the second year of Antoninus Pius a corrected 
simple anomaly of 2114°; and a greatest obliquity of 23°51’20” was found to go 
with it. From this position down to the observation made by us there have been 
1387 years, during which the movement of simple anomaly is reckoned to be 
144°4’; and at this time an obliquity of approximately 23°282¢’ is found. 

In connection with this let there be drawn again arc ABC of the ecliptic, or 
instead of it a straight line on account of the 
shortness of the arc; and above it the semicircle D 
of simple anomaly around pole B, as before. 

And let A be the limit of greatest declination E 
and C the limit of least declination; and it is the a 
difference between them which we are examin- 
ing. Therefore in the small circle let 

are AH =21°15’, AG B KC 
and, 

are ED=AD-—AE=68°45’; 
while, by calculation, 
are EDF =144°4’ 


are DF =EDF — ED=75°19’. 
Drop perpendiculars EG and HK upon the diameter ABC. 
Now on the great circle 


and, 


arc Giu= 22'56\, 
on account of the difference in obliquities from Ptolemy to us. 
But on account of being like a straight line, 
GB=¥ ch. 2 ED=982, 
where AC the diameter’s image = 2,000. 


KB=¥% ch. 2 DF=967. 


GK = 1899, 
where AC’ =2,000. 


GK = 2256”, 

AC=24', 
the difference between greatest and least obliquity which we have been examin- 
ing. So it is established that the greatest obliquity which occurred during the 
time between Timochares and Ptolemy was 23°52’ and a least obliquity of 
23°28’ is now approaching. [76°] Hence also whatever mean inclinations of these 
circles there happen to be are discovered by the same mathematical reasoning 
we expounded in connection with the precession. 


And also 
And 


But according as 
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11. On DETERMINING THE POSITIONS OF THE REGULAR MOVEMENTS 
OF THE EQUINOXES AND OF THE ANOMALY 


With all that unfolded, it remains for us to determine the positions of the 
movements of the spring equinox. Some people call these positions ‘‘roots,’’ be- 
cause computations may be drawn from them for any given time. Ptolemy con- 
sidered that the farthest point in history to which our knowledge of this question 
extends was the beginning of the reign of Nabonassar of the Chaldees, whom 
many people—taken in by the similarity of the names—have thought to be 
Nabuchodonoso, and whom the ratio of time and the computation of Ptolemy— 
which according to the historians falls in the reign of Shalmaneser of the Chaldees 
—declare to have been much later. But we, seeking better known times, have 
judged it sufficient if we start with the first Olympiad, which—measured from 
the summer solstice—is found to have preceded Nabonassar by 28 years. At this 
time Canicula was beginning to rise for the Greeks, and the Olympic games were 
being held, as Censorinus and other trustworthy authors report. Whence, ac- 
cording to the more exact reckoning of the times which is necessary in calculat- 
ing the heavenly movements, there are 27 years and 247 days from the first 
Olympiad at noon on the first day of the month Hekatombaion by the Greek 
calendar to Nabonassar and noon of the first day of the month of Thoth by the 
Egyptian calendar. 

From this to the death of Alexander there are 424 Egyptian years. 

But from the decease of Alexander to the beginning of the years of Julius 
Caesar, there are 278 Egyptian years 11814 days up to the midnight before the 
Kalends of January, which Julius Caesar took as the beginning of the year in- 
stituted by him; it was in his third year as Pontifex Maximus and during the 
consulship of Marcus Aemilius Lepidus that he instituted this year. And so the 
later years have been called Julian from the year as established by Julius Caesar. 

And from the fourth consulship of Caesar to Octavius Augustus there are by 
the Roman calendar 18 years up to the Kalends of January, although it was on 
the 16th day before the Kalends of February that Augustus was proclaimed 
Emperor and son of the deified Julius Caesar by the senate and the other citi- 
zens according to the decree of Numatius Plancus, in the seventh year of the 
consulship of Marcus Vipsanus and himself. But inasmuch as two years before 
this the Egyptians came into the power of the Romans after the fall of Antony 
[77] and Cleopatra, the Egyptians reckon 15 years 24614 days up to noon of 
the first day of the month Thoth, which by the Roman calendar was the 3rd 
day before the Kalends of Septentber’ 

Accordingly from Augustus to the years of Christ, which begin similarly in 
January, there are 27 years by the Roman calendar but 29 years 13014 days by 
the Egyptian. 

From this to the 2nd year of Antoninus, when, as Claud Ptolemy says, the 
positions of the stars were observed by him, there are 138 Roman years 55 days. 
And these years add 34 days to the Egyptian reckoning. 

Between the first Olympiad and that moment of time there have been alto- 
gether 913 years 101 days, for which time the regular precession of the equinoxes 
was 12°44’, and the simple anomaly was 95°44’. 

But in the second year of Antoninus, as has been narrated, the spring equinox 
was 6°40’ to the west of the first of the stars which are in the head of Aries; and 
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since there was a double anomaly of 4214°, there was a subtractive difference of 
48’ between the regular and the apparent movement. And when this difference 
was restored to the 6°40’ of the apparent movement, it made the mean position 
of the spring equinox to be at 7°28’. If to this we add the 360° of a circle, and 
from the sum subtract 12°44’, we shall have the mean position of the spring 
equinox at 354°44’—that is to say, the one which was then 5°16’ east of the 
first star of Aries—for the first Olympiad which began on noon of the first day 
of the month Hekatombaion among the Athenians. 

In the same way if from the 21°15’ of simple anomaly 95°45’ are subtracted, 
there will remain a position of simple anomaly of 285°30’ for the same beginning 
of the Olympiads. 

And again by a series of additions of movement made in accordance with the 
lengths of time—the 360° are not counted where there is an excess above that— 
we shall have the position or root of the regular movement at the death of 
Alexander as 1°2’, and the position of the movement of simple anomaly as 
332°52’; at the beginning of the years of Caesar a mean movement of 4°55’ and 
an anomaly of 2°2’; and at the beginning of the years of Christ a position of 
the mean movement at 5°32’ and an anomaly of 6°45’; and in this way we shall 
determine the roots of movements for whatever beginnings of time are chosen. 


12. ON THE COMPUTATION OF THE PRECESSION OF THE 
SPRING EQUINOX AND THE OBLIQUITY 


[77>] Therefore, whenever we wish to determine the position of the spring 
equinox, if the years from the assumed beginning to the given time are unequal, 
such as those of the Roman calendar, which we use commonly, we shall reduce 
them to equal or Egyptian years. For we do not use any other years than the 
Egyptian in calculating the regular movements, on account of the reason which 
we mentioned. In so far as the number of years is greater than a period of 60 
years, we shall divide it into periods of 60 years; and when we enter the tables 
of movement through these 60-year periods, we shall pass over as supernumer- 
ary the first column appearing in the movements; and beginning with the second 
column, we shall determine the 60°’s, if there are any, together with the other 
degrees and minutes, which follow.! Next as the second entry and from the 
first column, as they are found, we shall take the 60°’s, degrees and minutes 
corresponding to the remaining years. We shall ao the same thing in the case of 
days and the periods of 60 days, since we wish to connect the days with their 
regular movements according to the table of days and minutes, although in this 
case the minutes of days or even the days themselves are not wrongly neglected 
on account of the slowness of their movements, as within the daily movement 
there is a question only of seconds or third minutes. Therefore when we have 
made a sum of all these together with their root, by adding single numbers to 
single numbers within the same species—not counting six 60°’s, if they oceur— 
we shall have the mean position of the spring equinox, its distance to the west 
of the first star of the Ram, or the distance of that star east of the equinox. 

In the same way we shall determine the anomaly too. 

But we shall find placed in the last column of the table of additosubtractions 
and corresponding to the simple anomaly the proportional minutes: we shall set 
them aside and save them. Then, in the third column of the same table and cor- 

1That is to say, reading the column of degrees as 60°’s, the minutes as degrees, and so on. 
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responding to the double anomaly we shall find the additosubtraction, 7.e., the 
degrees and minutes by which the true movement differs from the mean. And 
if the double anomaly is less than a semicircle, we shall subtract the additosub- 
traction from the mean movement. But if, by having more than 180°, the double 
anomaly exceeds a semicircle, we shall add [78*] the additosubtraction to the 
mean movement. And that which is thus the sum or remainder will comprehend 
the true and apparent precession of the spring equinox, or in turn the then angu- 
lar elongation of the first star of Aries from the spring equinox. But if you seek 
the position of any other star, add its number as assigned in the catalogue of 
the stars. 

But since things which have to do with the laboratory usually become clearer 
by means of some examples, let our problem be to find the true position of the 
spring equinox together with the obliquity of the ecliptic for the 16th day before 
the Kalends of May in the year of Our Lord 1525, and how great the angular 
distance of Spica in Virgo from the same equinox is. Therefore, it is clear that 
in the 1524 Roman years 106 days from the beginning of the years of Our Lord 
up to this time, there has been an intercalation of 381 days, t.e., 1 year 16 days, 
which in terms of equal years make 1525 years 122 days: there are twenty-five 
periods of 60 years and 25 years over, and two periods of 60 days and 2 days 
over. But to the twenty-five periods of 60 years there correspond in the table 
of mean movement 20°55’2” ; to the 25 years, 20’55”; to the two periods of 60 
days, 16”; the remaining 2 days are in third minutes. All these together with 
their root—which was 5°32’—add up to 26°48’, the mean precession of the 
spring equinox. Similarly, the movement of simple anomaly in the twenty-five 
periods of 60 years has been two 60°’s and 37°15’3” ; in the 25 years, 2°37/15” ; in 
the two periods of 60 days, 2’4” ; and in the 2 days, 2”. There also, together with 
the root—which is 6°45’—add up to 166°40’, the simple anomaly. I shall save 
as corresponding to this anomaly the proportional minutes found in the last 
column of the table of the additosubtractions; for they will come into use in in- 
vestigating the obliquity; and only 1’ is found in this case. Next, as correspond- 
ing to the double anomaly of 333°20’, I find 32’ as the additosubtraction, which 
is additive because the double anomaly is greater than a semicircle. And when 
itis added to the mean movement, there comes about a true and apparent pre- 
cession of the spring equinox of 27°21’. And lastly if to that we add the 170° 
which is the angular distance of Spica in Virgo from the first star in Aries, I 
shall have its position [78] to the east of the spring equinox at 17°21’ of Libra, 
where it was found at approximately the time of our observation. 

Now the obliquity of the ecliptic and its declination have the ratio that when 
there are 60 proportional minutes, the differences located in the table of declina- 
tions—I mean the differences at greatest and least obliquity—are added in their 
entirety to the degrees of the declinations. But in this case, 1’ adds only 24” to 
the obliquity. Wherefore the declinations of the degrees of the ecliptic placed 
in the table remain as they are throughout this time on account of the least ob- 
liquity already approaching us, though at some other time they would be more 
obviously changeable. In this way, for example, if the simple anomaly were 99°, 
as it was in the 1380th Egyptian year of Our Lord, there are given by it 25 pro- 
portional minutes. But 24’ is the difference between greatest and least obliquity 
and 

60! 124! = 25/10’. 
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And the addition of 10’ to 28’ gives an obliquity of 23°38’ for that time. If then 
I should wish to know the declination of any degree on the ecliptic, for example, 
3° of Taurus, which is 33° distant from the equinox, I find in the table 12°32’, 
with a difference of 12’. But 
60) 326) SAQe 5; 

and the addition of 5’ to 32’ gives 12°37’ for 33° of the ecliptic. We can do the 
same thing in the case of the angles of section of the ecliptic and the equator 
and the right ascensions—if it is not better to make use of the ratios of spherical 
triangles—except that it is always necessary to add in the case of the angles of 
section and to subtract in the case of the right ascensions, so that all things may 
be corrected to accord with their time. 


13. On THE MAGNITUDE AND DIFFERENCE OF THE SOLAR YEAR 


But that this is the way it is with the precession of the equinoxes and solstices 
—the precession being due to the inclination of the Earth’s axis, as we said— 
will also be confirmed by the annual movement of the centre of the Earth, as it 
affects the appearance of the sun, which we must now discuss. It follows of ab- 
solute necessity that the magnitude of the year, when referred to one of the 
equinoxes or solstices, is found unequal on account of the irregular change of 
the termini. For these things imply one another mutually. 

Wherefore we must separate and distinguish [79?] the seasonal year from the 
sidereal year. For we call that the natural year which times the four seasonal 
changes of the year for us; and that the sidereal, the revolutions of which are 
referred to some one of the fixed stars. Now the observations of the ancients 
make clear in many ways that the natural year, which is also called the revolv- 
ing year, is unequal. For Callippus, Aristarchus of Samos, and Archimedes of 
Syracuse determined the year as containing a quarter of a day in addition to the 
365 whole days—taking the beginning of the year at the summer solstice, after 
the Athenian manner. 

But Claud Ptolemy, realizing that the apprehension of the solstices was de- 
tailed and difficult, did not rely upon their observations very much and went 
over rather to Hipparchus, who left after him records not so much of the solar 
solstices as of the equinoxes in Rhodes and reported that there was some small 
deficiency in the quarter-day; and afterwards Ptolemy decided that the de- 
ficiency was 149oth part of a day—as follows. For he took the autumn equinox 
observed as accurately as possible by Hipparchus at Alexandria in the 177th 
year after the death of Alexander the Great, at midnight of the third intercalary 
day by the Egyptian calendar—which the fourth intercalary day follows. Then 
Ptolemy compared it with the equinox as observed by himself at Alexandria in 
the third year of Antoninus, which was the 4638rd year since the death of Alex- 
ander, on the 9th day of Athyr, the third month of the Egyptians, at approxi- 
mately one hour after the rising of the sun. Accordingly between this observa- 
tion and that of Hipparchus there were 285 Egyptian years 70 days 71% hours, 
though there should have been 71 days 6 hours, if the revolving year had a 
full quarter-day in addition to the whole days. Accordingly the 285 years were 
deficient by 1249th of a day, whence it follows that a whole day fell out in 300 
years. Moreover, he made a similar inference from the spring equinox. For what 
he recorded as reported by Hipparcchus in the 178th year of Alexander on the 
27th day of Mechir, the 6th month by the Egyptian calendar, at sunrise, he 
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himself found in the 463rd year of Alexander on the 7th day of Pachon the 9th 
month by the Egyptian calendar at a little more than one hour after midday; 
and in the same way the 285 years were deficient by 194oth of a day. By the aid 
of these indications Ptolemy determined the revolving year as having 365 days 
14 min. [of a day] 48 sec. [or 5 hours 55 min. 12 sec.]}. 

Afterwards al-Battani in Arata, Syria, [79>] in the 1206th year after the death 
of Alexander observed the autumn equinox with no less diligence and found 
that it occurred after the 7th day of the month Pachon, approximately 724 
hours later in the night, z.e., 436 hours before the light of the 8th day. Accord- 
ingly, comparing his own observation with that of Ptolemy made in the third 
year of Antoninus one hour after sunrise at Alexandria—which is 10° to the 
west of Arata—he corrected Ptolemy’s observation for the meridian at Arata 
and found the equinox must have occurred at 124 hours after sunrise. Accord- 
ingly in the period of 743 equal years the sum of the quarter-days amounted to 
178 extra days and 173 hours instead of 18514 days. Accordingly since there 
was deficiency of 7 days % hours, it was seen that the quarter-day was deficient 
by Mogth of a day. Therefore in accordance with the number of years he sub- 
tracted one 748rd part of the 7 days 3 hours [which is 13 min. of an hour 36 sec.] 
from the quarter-day and recorded the natural year as containing 365 days 5 
hours 46 min. 24 sec. 

We too made observations of the autumn equinox at Frauenburg in the year 
of Our Lord 1515 on the 18th day before the Kalends of October: but according 
to the Egyptian calendar it was the 1840th year after the death of Alexander on 
the 6th day of the month Phaophi, half an hour after sunrise. But since Arata 
is about 25° to the east of this spot—which makes 124 hours—therefore during 
the time between our equinox and that of al-Battani there were 633 Egyptian 
years and 153 days 634 hours in place of 158 days 6 hours. But between the ob- 
servation made by Ptolemy at Alexandria and the place and date of our ob- 
servation, there were 1376 Egyptian years 332 days 4 hour. For there is about 
an hour’s difference between us and Alexandria. Therefore during the 633 years 
between al-Battani and us there have fallen out 4 days 2334 hours, or 1 day 
per 128 years; but during the 1376 years after Ptolemy approximately 12 days, 
1.e., 1 day per 115 years, and again the year has become unequal on both sides. 

[807] Moreover, we determined the spring equinox, which occurred in the 
year of Our Lord 1516, 414 hours after midnight on the 5th day before the Ides 
of March; and since the spring equinox of Ptolemy—the meridian of Alexandria 
being corrected for ours—there have been 1376 Egyptian years 332 days 1614 
hours, in which it is apparent that the distances between the spring and autumn 
equinoxes are unequal. And so it is of much importance that the solar year as 
determined in this way should be equal. For the fact that at the autumnal equi- 
noxes between Ptolemy and us, as was shown, in accordance with the equal 
distribution of years, the quarter-day should be deficient in the 115th part of a 
day makes the equinox come half a day later than al-Battani’s. And the period 
from al-Battani to us, where the quarter-day must have been deficient in the 
128th part of a day, is not consonant with Ptolemy, but the date precedes by a 
full day the equinox observed by him, and the equinox of Hipparchus by two 
days. Similarly the time of al-Battani’s equinox as measured from Ptolemy’s 
precedes the equinox of Hipparchus by 2 days. 

4.e., Ptolemy found 1/300th part of a day lacking to a full quarter-day. 
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Therefore the equality of the solar year is more correctly measured from the 
sphere of the fixed stars, as Thebites ben Chora was the first to find; and its 
magnitude is 365 days 15 minutes [of a day] 23 seconds (which are approximate- 
ly 6 hours 9 min. 12 sec.) according to a probable argument taken from the fact 
that the year appears longer in the slower passage of the equinoxes and solstices 
than in the faster and in accordance with a fixed proportion; and that could not 
be the case, if there were no equality with reference to the sphere of the fixed 
stars. Wherefore Ptolemy is not to be listened to in that part where he thinks 
that it is absurd and irrelevant to measure the annual regularity of the sun 
through its restitutions with reference to some one of the fixed stars and that 
this is no more fitting than if someone were to take Jupiter or Saturn as the 
measure of that regularity. And so there is a ready reason why the seasonal year 
was longer before Ptolemy and after him became shorter, by a variable differ- 
ence. 

But also in the case of the astral or sidereal year an error can come about, 
but nevertheless a very slight one and far less than the one which we have al- 
ready described; and it occurs because this same movement of the centre of the 
Earth around the sun appears irregular by reason of a twofold irregularity. 
[80>] The first and simple irregularity relates to the annual restoration; the 
other, which varies the first by changing it around, is perceptible not imme- 
diately but after a long stretch of time; and accordingly it is not simple or easy 
to know the ratio of the equality of the year. For if anyone wishes to determine 
it simply in relation to the fixed distance of some star having a known position— 
which can be done by using an astrolabe and with the help of the moon, in the 
way we described in the case of Basiliscus in Leo—he will not avoid error com- 
pletely, unless at that time the sun on account of the movement of the Earth 
either has no additosubtraction or else obtains similar and equal additosub- 
tractions at both termini. But unless this happens and unless there is some dif- 
ference made manifest in accordance with the irregularity, an equal circuit will 
certainly not seem to have taken place in equal times. But if in both termini the 
total difference is subtracted or added proportionally, the job will be perfect. 
Furthermore, the apprehension of the difference requires a prior knowledge of 
the mean movement, which we are seeking for that reason; and we are versed 
in this business as in the Archimedean quadrature of the circle. 

Nevertheless in order to arrive at the resolution of this knotty problem some 
time—we find four causes altogether for the appearance of irregularity. The 
first is the irregular precession of the equinoxes, which we have expounded; the 
second is that whereby the sun seems to traverse unequal arcs on the ecliptic, 
which occurs approximately annually; the third is the one which varies this ir- 
regularity which we call the second. There remains the fourth, which changes 
the highest and lowest apsides! of the centre of the Earth, as will appear below. 
Of all these only the second was marked by Ptolemy; and it by itself could not 
produce the inequality of the year but contributes to it through being involved 
in the others. 

But for demonstrating the difference between the regular and the apparent 
movement of the sun the most accurate ratio of the year does not seem neces- 
sary; and it seems to be enough if in the demonstration we take as the magnitude 


1The apsides are the positions of greatest and least altitudinal distance of a planet from the 
sun. 
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of the year the 36514 days, in which that movement of the first irregularity is 
completed, since that which stands out so little, when taken on the total circle, 
vanishes utterly when taken on a lesser magnitude. But on account of the ex- 
cellence of the order and the facility in teaching we are here expounding first the 
regular movements of the annual revolution oft the centre of the Earth by means 
of necessary demonstrations. And then we shall build up the regular movements 
together with the difference between the regular and the apparent movement. 


14. On THE REGULAR AND MEAN MOVEMENTS OF THE REVOLUTIONS 
OF THE CENTRE OF THE EARTH 


[812] We find that the magnitude of the year and its equality is only 1 second 
10 thirds greater than Thebith ben Chora recorded it to be, so that it contains 
365 days 15 minutes 24 seconds 10 third-minutes—which amounts to 6 hours 9 
minutes 40 seconds, and its fixed equality with reference to the sphere of the 
fixed stars is disclosed. | ; 

Therefore, when we have multiplied the 360° of a circle by 365 days and have 
divided the sum by 365 days 15 minutes 24 seconds 10 third-minutes, we shall 
have the movement of an Egyptian year as 359°44’49”7/"4’’"" and the movement 
during 60 similar years—not counting the total circles—will be 344°49'7’4’”. 
Again, if we divide. the annual movement by 365 days, we shall have a daily 
movement of 59’8"11/22/""", 

But if we add to these the mean and regular precession of the equinoxes, we 
shall compose another regular annual movement im seasonal years of 359°45’ 
39”19'"9’""", and a daily movement 59’8”19'37’’"". And for this reason we can 
call the former movement of the sun—to use the common expression—the regu- 
lar and simple movement; and the latter, the regular and composite movement. 
And we shall set them out in tables, as we did with the precession of the equi- 
noxes. The regular movement of the anomaly of the sun is added to them; but 
we shall speak of that later. 
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TABLE OF THE MEAN AND SIMPLE MOVEMENT OF THE SUN 
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IN YEARS AND PERIODS OF SIxTy YEARS 
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TABLE OF THE REGULAR COMPOSITE MOVEMENT OF THE SUN 
IN YEARS AND PERIODS OF SIxTY YEARS 


Egyptian Movement Egyptian Movement 
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TABLE OF THE REGULAR MOVEMENT OF ANOMALY! OF THE SUN 
IN YEARS AND PERIODS OF Srxty YEARS 
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1Any regular movement which, when compounded with a mean movement, causes an appearance 
of irregularity is called a movement of anomaly. In this case, the regular movement of anomaly is 
the movement of the eccentric circle, or the first epicycle. 


MovEMENT OF ANOMALY OF THE SUN IN Days AND PERIODS OF Sixty Days 
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15. THEOREMS PREREQUISITE FOR DEMONSTRATING THE APPARENT 
IRREGULARITY OF THE MOVEMENT OF THE SUN 


[84>] But for the sake of making a better determination of the apparent ir- 
regular movement of the sun we shall now demonstrate more clearly that— 
with the sun occupying the central position in the world and with the Earth 
revolving around it as around a centre—if, as we said, there is a distance be- 
tween the Earth and the sun which cannot be perceived in relation to the im- 
mensity of the sphere of the fixed stars; then the sun will be seen to have a 
regular motion with reference to any point or star in the same sphere [of the 
fixed stars].. 

For let AB be the greatest circle in the world in the plane of the ecliptic. Let 

C be its centre, and'let the sun be situated there. And 
B ~ in accordance with the distance CD between the sun 
and the Earth—in comparison with which the depth 
of the world is immense—let the circle CDE, in which 
the annual revolution of the centre of the Earth is lo- 
cated, be described in the same plane of the ecliptic: 
I say that the sun will seem to have a regular motion 
with reference to any point or star taken on circle AB. 
F Let some point be taken; and let it be A. And to A 
let the view of the sun from the Earth—which is at D 
—be extended as DC'A. Now let the Earth be moved 
anywhere through are DE; and let AE and DE be 
drawn from E the position of the Earth. Therefore 
the sun will now be seen from £ at point B. And since 
AC is immense in comparison with CD or CE its 
DOVE equal, A# too willbe immense in comparison with 
CE. For let any point Fbe taken on AC, and let EF 
be joined. Therefore since two straight lines from the 
termini C and. £ of the base fall outside triangle EFC on point A; by the con- 
verse of Euclid’s Elements, 1, 21, 
aisle: FAE<angle EFC. 
Wherefore the straight lines extended to immensity comprehend at last an 
angle CAF so acute that it is no longer perceptible; and 
angle CAH=angle BCA -—angle AEC. 
Moreover, on account of the slightness of the difference between them angles 
BCA and AEC seem to be equal; and lines AC and AE seem to be parallel; and 
the sun seems to have [85°] a regular motion with reference to any point on the 
sphere of the fixed stars, just as if it were revolving around the centre EL, as was 
to be shown. 

But its irregular movement is teibeinnestalbelL because the movement of the 
centre of the arth in its annual revolution is not absolutely around the centre 
of the sun. That can be understood in two ways, either through an eccentric 
circle, t.e., one whose centre is not the centre of the —_ or through an epicycle 
on a ldeabocenduie circle. 

Now it is made clear through an ite inte in this way. For let ABCD be an 
eccentric circle in the plane of 1 the ecliptic; and let its centre £ be no very slight 
distance away from the centre of the sun or world. Let the centre of the world 
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be F; and let AEFD be the diameter [of circle ABCD] A 
passing through both centres. And let its apogee be at 8 
A—which is called the highest apsis by the Romans 
—the place farthest removed from the centre of the 
world, and D the perigee, which is nearest [to the 
centre of the world] and is the lowest apsis. 

Therefore while the Earth is moved regularly in its 
orbital circle ABCD around its centre E, as has been 
already said, there will appear to be an irregular 
movement around F. 

For let 


{% 


are AB=are CD; 
and let the straight lines BE, CE, BF, and CF be 
drawn. 
Angle AEB=angle CED, 
because angles AEB and CED are intercepting equal arcs around the centre E. 
But angle CFD is the angle of sight, and 
ext. angle CFD> int. angle CED. 


But 

angle AEB=angle CED. 
Hence 

angle CFD >angle AEB. 
But also 


ext. angle AEB>int. angle AFB; 
and hence by so much more 
angle CFD >angle AFB. 
But an equal time produces both angle CFD and angle AFB because 
arc AB=arc CD. 
Therefore the movement will appear regular from around £ and irregular from 
around F, 

Moreover, it 1s possible to see the same thing more simply, because arc AB 
is farther away from F than are CD is. For by Euclid, 11, 7, lines AF and BF 
by which arc AB is intercepted are longer than CF and DF by which arc CD is 
intercepted, and, as is shown in optics, equal magnitudes which are nearer ap- 
pear greater than the ones farther away. And so what was proposed in the case 
of the eccentric circle is manifest. 

The same thing will also be made clear by means of an epicycle on a homo- 
centric circle. For let the centre.of the homocentric circle ABCD and the centre 
of the world where the sun is be at £; and in the same plane let A be the centre 
of epicycle FG. And through both centres let the straight line CE AF be drawn: 
Let F be the apogee of the epicycle; and J, the perigee. Therefore it is clear 
that there is regularity [85>] in A, but apparent irregularity in epicycle FG. For 
if the movement of A takes place in the direction of B, 1.e., eastward, while the 
movement of the centre of the Earth is from its apogee F westward; then in 
the perigee—which is J—E£ will appear to be moving faster, because the two 
movements of A and J are in the same direction. But in the apogee, which is F, 
point EZ will seem to be moved more slowly, namely because it is moved only 
by the excelling movement out of two contraries; and the Earth situated at G 
is to the west of the regular movement but at A is to the east of it, and the dis- 


———o 


sii ttniintlathdaasittiagacagiiees lbh 
Measured by ares 44 anc 4G, m aceortance with 
whieh the sim wil seem te move wregulariy. 

But whatever thimgs take piace by means ot 
the epicycle can happen im thesame wav by means 
of the eecentme eireie, which the transit of the plan- 
et in the epicyeie desembes-equal to the homuren- 
tric circle and In thesame planes anc the centre of 
the escentric civele is at-» distance front the centre 
af the hemoeentiic arcie eqmal ta tie radius of the 
evieyele. And all this cecurs im three wavs, siice. 
it the evicycle on the acmorentine arcie amd the 
plumet. om the epicyele made amilar revoliurions 
but witt movements anwosite to one another, tile 
moevement at the planet wil trace 2 fixed ecnentize 
circle, t.¢., ane whose apegees and perigee possess unchangme lorations. 

In this way let 4 BC be the homorentric arcie, and the: centre of the world D. 
the diameter 4.DC. And let us put down that, 
when Peers ats, the planet is ur the G 
apogee of the epicycile, which m at @, anc its ae Sag 
radius is in the straight lime DAG. Now let arc = ’ 
AP of the homocentric eirele be taken; and 
with centre B and radium equal to AG, let the 
epicvele EF be deseribed, and let BD and EZ be 
extended im a straight lime; and let the are EF 
be sumilar to arc AB, but let are ZY be takem m 
the opposite direction. And let the planet or 
Marth be m F. Let BF be jomed. And om line 
AD let 


DK =EF. 
Therefore, since 
angle HEY =angie BDA, 
stinkbue those reasons 
BF =DE 
and BY is parallel to DX; and. sinee, if strawht lines arz joined to equal and 
parallel straight limes, they are also equal and parallel by Euclid, 2 385, and 


ance 
DE=AE 
(S6*]{ and 4K is their common annex; 
GAK=AED 
and. therefore 
GAK=K?. 


Therefore the circle described with centre K and radius 4G wiil pass throngh 
F. By means of 4 movement compounded of 42 and ZF point F describes tits 
eirele:as eecentric and equal to the homecentric and accordingly fixed tan. Far 
when the epicycie makes proporticnally equal revolutions with the homurentrie 
ewele, the apsides ct the eceentric circle so desertbed necessarily remain in she 
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But if the centre and the circumference of the epicycle make proportionately 
unequal revolutions, then the movement of the planet will not designate a 
fixed eccentric Binisles but one whose centreand apsides are carried westward or 
eastward, according as the movement of the planet is faster or slower than the 
centre of its epicycle. In this way if 

angle HBF >angle BDA, 
let 

angle BDM =angle EBF. 
It will similarly be shown that if on line DM 
there be taken DL equal to BF, the circle de- 
scribed with Z as centre and with radius LMN 
equal to AD will pass through planet F’. Hence 
it is clear that by the composite movement of 
the planet there is described are NF of the ec- 
centric circle, whose apogee meanwhile travels 
from point G westward. along are GN. 

On the contrary, if the movement of the 
planet in the epicycle were slower, then the 
centre of the eccentric circle should follow it 
eastward, whither the centre of the amdpale! is 
carried ; phate is if 


angle HBF =angle BDM >angle BDA, 
it is clear that what we have spoken of will take place. 

From all that it is clear that the same irregularity of appearance is always 
produced whether by means of an epicycle on a 
homocentric circle or by means of an eccentric 
circle equal to the homocentric; and they by no 
means differ from one another, provided the 
distance between the centres [of the homocen- 
tric and the eccentric] is equal to the radius of 
the epicycle. Accordingly it is not easy to de- 
termine which of them exists in the heavens. 
Indeed Ptolemy, where he understood simple 
irregularity and certain and immutable loca- 
tions for the apsides—as he thought was the 
case in the sun—judged that the scheme of ec- 
centricity was sufficient. But to the moon and 
to the five planets which wander in two or more 
different ways [86°] he applied eccentric circles 
carrying epicycles. 

From this moreover it is easily demonstrated that the greatest difference be- 
tween regularity and appearance is seen at the time when the planet appears in 
the mean position between the highest and the lowest apsis in the case of the 
eccentric circle, but in the case of the epicycle at its point of contact [with ae 
circle carrying the epicycle], as in Ptolemy. 

In the case of the eccentric circle thus: For let there be the cirele ABCD 
around the centre H; and AEC the diameter through F the sun, which is off 
centre. Now let line BFD be drawn through F at right angles to the diameter; 
and let BE and ED be joined. Let A be the apogee and C the perigee; and 
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A let B and D be the means appearing between them. 
G I say that no angle greater than angle B or D can 
be constructed with its vertex on the circumference 
and line EF as its base. 
For let points G and H be taken on either side of 
B; and let GD, GE, and GF be joined, and also HE, 
HF, and HD. Since line FG is nearer the centre than 


B D line DF, 
line FG >line DF. 
H And therefore 
C angle GDF >angle DGF. 
But 


angle HDG=angle EGD, 

because sides HG and ED falling upon the base are equal. 
And therefore 

angle EDF >angle EGF. 
But 

angle HDF =angle EBF. 
Similarly too 

line DF >line FH; 


and 

angle FHD >angle FDH. 
But 

angle HHD= angle EDH, 
because 


line HH =line ED. 
Therefore, by subtraction, 
angle EDF >angle EHF. 
But 
angle EDF =angle EBF. 


Therefore no angle greater than the angles at points B and D will ever be con- 
structed with line EF as base. And so the greatest difference between regularity 
and appearance is found in the mean position between apogee and perigee. 


16. ON THE APPARENT IRREGULARITY OF THE SUN 


These things have been demonstrated generally; and they are applicable not 
only to the apparent movements of the sun but also to the irregularity of the 
other planets. Now we shall investigate what relates to the sun and the Earth, 
first in respect to what has been handed down to us by Ptolemy and the other 
ancients, and then in respect to what modern times and experience have taught 
us. Ptolemy found [87] that 9414 days were comprehended between the spring 
equinox and the summer solstice, and 921 between the solstice and the autumn 
equinox. Therefore in accordance with the ratio of time during the first interval 
there was a mean and regular movement of 93°9’; during the second interval, 
one of 91°11’. 
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Let ABCD be the circle of the year as divided in this way; and let E be the 
centre. Let 
arc AB =93°9’ 
for the first period of time; and let 
are BC=91°11’ : 
for the second. Let the spring equinox be viewed 
from A; the summer solstice from B; the autumn 
equinox from C; and the remaining winter solstice 
from D. Let AC and BD be joined. 
AC and BD cut one another at right angles at F, 
where we set up the sun. Therefore since 
arc ABC >180° 


and too 
arc AB>are BC; 
Ptolemy understood from this that the centre of the circle was located between 
lines BF and FA, and the apogee between the spring equinox and the summer 
tropic of the sun. Now let JEG, which will cut BFD in L, be drawn through cen- 
tre E parallel to AFC, and let HEK, which will cut AF in M, be drawn parallel 
to BFD. In this way there will be constructed the right parallelogram whose 
diameter FE extended in the straight line FEN will indicate the Earth’s greatest 
distance in length from the sun and the position of the apogee in NV. 
Therefore since 
arc ABC = 184°19’, 


and 
arc AH = 1% are ABC =92°914’; 
arc HB=are AGB—are AH =59’. 
Again 
are AG=arce AH —90° =2°10’. 
Now 
LF=¥ ch. 2 AG=377, 
where radius = 10,000. 

But 


EL=¥ ch. 2 BH =172. 
And, as two sides of triangle ELF are given, 
side HF =414= 4, radius NE 
where radius NE = 10,000. 


But 
EF: EL=NE: ch. 2N4H. 
Therefore 
arc NH =2414°. 
And thus 
angle NEH is given, 
and 


angle NEH =angle LFE, 
which is the angle of apparent movement. By such an interval therefore did the 
highest apsis before Ptolemy precede the summer solstice of the sun. But 
are 1K =90°, 
and 
[87>] are [C=arc AG 
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and 

arc DK =are HB. 
Hence arc CD=arc IK — (ares IC+DK) =86°51’ 
and 


arc DA =are CDA -— are CD =88°49’. 

But to the 86°51’ there correspond 881 days; and to the 88°49’, 90 days and 3 
hours—the eighth part of a day. During these periods the sun on account of the 
regular movement of the Earth seemed to cross from the autumn equinox to the 
winter solstice and for the remainder of the year to return from the winter sol- 
stice to the spring equinox. Indeed Ptolemy testifies that he found these things 
no different from what were reported by Hipparchus before him. Wherefore he 
judged that for the remainder of time the highest apsis would be 2414° before the 
summer tropic and that the eccentricity of—as I said—a 24th part of the radius 
would remain perpetually. 

But now it is found that both of them have changed by a manifest difference. 
Al-Battani noted it as being 93 days 35 minutes [of a day] from the spring equi- 
nox to the summer solstice, and 186 days 37 minutes to the autumn, from which 
by Ptolemy’s rule he elicited an eccentricity of not more than 346 parts whereof 
the radius has 10,000. Arzachel the Spaniard agrees with him in the ratio of 
eccentricity but reported an apogee 12°10’ west of the solstice, and al-Battani 
viewed it as 7°43’ west of the same solstice. By these tokens it has been grasped 
that there still remains another irregularity in the movement of the centre of 
the Earth, as has been attested by the observations of our time also. For during 
the ten and more years in which we applied our intelligence to investigating 
these things and especially in the year of Our Lord 1515, we found that there 
were 186 days 514 minutes from the spring equinox to the autumnal. And so as 
not to deceive ourselves in determining the solstices—which some suspected had 
happened in the case of our predecessors—we took certain other positions of the 
sun into consideration in this business which were not difficult to observe even 
in comparison with the equinoxes, such as the mean positions in the signs of 
Taurus, Leo, Scorpio, and Aquarius. Therefore we found that there were 45 days 
16 minutes from the autumn equinox to the middle point of Scorpio, and 178 
days 53)4 minutes to the spring equinox. Now the regular movement during the 
first interval was 44°37’; and during the second interval 176°19’. 

[88*] Now that these preparations have been made, let circle ABCD be re- 
peated; and let A be the point from which the sun was seen at the spring 
equinox; B the point at which the autumn equinox was viewed; and C 
the midpoint of Scorpio. Let AB and CD, which cut one another at F the 
centre of the sun, be joined; and let are AC be subtended. 

Therefore, since L 

arc CB = 44°37’, 
angle BAC = 44°37’, 
where 2 rt. angles=360°. 
And B D 
angle BFC =45°, 
where 4 rt. angles =360°; 
and is the angle of apparent movement; but Cc A 
angle BFC = 90°, G 
where 2 rt. angles =360°. 
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Hence, 

angle ACD = 45°23’, 
because 

arc"AD=45 23’. 

But 

arc ACB =176°19’, 
and 

arc AC=are ACB—arc BC =131°42’, 

and 


arc CAD=are AC+are AD=177°5’. 
Therefore, since 
arc ACB <180°, 
and 
arc CAD <180°, 
it is clear that the centre of the circle is located in the remainder BD. And let 
the centre be E. And through E let the diameter LEFG be drawn. Let L be the 
apogee and G the perigee. Let EA be erected perpendicular to CFD. But the 
chords subtending the given arcs are also given by the table: 
AC= 182,494 
and 
CFD = 199,934, 
where diameter = 200,000. 
Accordingly, as triangle ACF has its angles given, the ratio of the sides will be 
given by the first rule for plane triangles. 
CF = 97,697, 
according as 
AC = 182,494; 
and for that reason 
FK=% CD-—CF=2,000. 
And since 
180°—are CAD =2°55’; 
and since 
EK=¥%6 ch. 2°55’ =2,534; 
then, in triangle HFK, as the two sides FK and KE comprehending the right 
angle have been given, the triangle will have its sides and angles given: 
bE= 323. 
where HL= 10,000; 
and 
angle EFK =5124°, 
where 4 rt. angles =360°. 
Therefore, by addition, . 
angle AFL=9628° 
and, by subtraction, 
angle BFL =8314°. 
But ) 
EF = 1°56’, 
where HL=60?. 
This is the distance of the sun from the centre of the orbital circle: and it has 
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now become approximately 14 st [of the radius of the orbital circle], [88>] though 
to Ptolemy it seemed to be 144th. And the apogee, which was at that time 2414° 
to the west of the summer solstice, is now 624° to the east of it. 


17. DEMONSTRATION OF THE FIRST AND ANNUAL IRREGULARITY 
OF THE SuN TOGETHER WITH ITs PARTICULAR DIFFERENCES 


Therefore since many differences of the irregular movement of the sun are 
found, we judge that the difference which occurs annually and is more known 
than the rest should be deduced first. 

Accordingly let circle ABC be constructed again, around centre # with di- 

ameter AEC; apogee at A, perigee at C; and the sun at D. 
Now it has been shown that the greatest difference between 
regular and apparent movement occurs at the position 
which with respect to the apparent movement is midway 
between the apsides. For that reason let BD be erected per- 


eile pendicular to AEC, and let it cut the circumference in 
B point B, and let BE be joined. Therefore, since in right tri- 
angle BDE two sides have been given, namely BE which is 

C the radius of the circle and DE the distance of the sun from 


the centre; the triangle will have its angles given. And angle 
DBE will be given, which is the difference between the 
angle BEA of regular movement and right angle EDB the angle of apparent 
movement. 
But as DE is made greater or less, the whole species of the triangle changes. 
Thus, before Ptolemy 
angle B = 2°23’; 
in the time of al-Battani and Arzachel 
angle B=1°59’; 
but at present 
angie b= ieo1 


arc AB =92°23’, 
which is intercepted by angle AEB, and 
arc BC =87°37’. 


arc AB =91°59’ 
arc BC =88°1'. 
arc AB=91°51’ 


arc BC =88°9’. A 
Whence too the remaining differences are manifest. For 


And for Ptolemy 


For al-Battani 
and 
And at present 


and 


let any other arc AB be taken, as in the following figure: B 

and let angle AEB be given, and the interior angle BED, 

and the two sides BE and ED. By the calculus of plane E 
triangles there will be given [89*] angle EBD, the addi- D 


tosubtraction, the difference between the regular and the 

apparent movement. And it is necessary for these differen- 

ces to change on account of the change of side ED, as has Cc 
already been said. 
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18. ON THE EXAMINATION OF THE REGULAR MOVEMENT IN LONGITUDE 


These things have been set forth concerning the annual irregularity of 
the sun, but not by means of the simple difference so appearing but by 
means of the difference still mingled with that which the length of time has 
disclosed. 

We shall distinguish them from one another later on. Meanwhile, the mean 
and regular movement of the centre of the Earth will be given in numbers which 
will be the more certain the more that movement is separated from any differ- 
ences of irregularity and the more it extends in time. Now that will be estab- 
lished in this way. 

We have taken that autumn equinox which was observed by Hipparchus at 
Alexandria in the 32nd year of the third period of Callippus—which, as was said 
above, was the 177th year after the death of Alexander—at midnight after the 
third intercalary day, which the fourth day followed. But according as Alex- 
andria is approximately 1 hour to the east of Cracow in longitude, it was ap- 
proximately 1 hour before midnight. Therefore according to the calculation 
handed on above the position of the autumn equinox in the sphere of the fixed 
stars was 176°10’ from the head of Aries and that was the apparent position of 
the sun. It was 11414° distant from the highest apsis. 

In accordance with this model let there be traced around centre D the circle 
ABC which the centre of the Earth describes. Let ADC be 
the diameter; and let the sun be situated on the diameter 
at point EL; the apogee in A; and the perigee in C. But let 
B be the point where the sun appears in the autumn equi- 
nox, and let the straight lines BD and BE be joined. 


Since 7 
angle DEB=11414°, | 
and is seen to measure the distance of the sun from the Ces 


apogee; and c 
side DE=414, 
where BD = 10,000; 
therefore, by the fourth theorem on plane triangles, triangle BDE has its sides 
and angles given. And 
angle BDE=angle BDA =angle BED=2°10’. 

[89>] But 

angle BED =114°30’. 
Hence 

angle BDA = 116°40’; 
and the mean or regular position of the sun is 178°20’ from the head of the Ram 
in the sphere of the fixed stars. 

With this we have compared the autumn equinox observed by us in Frauen- 
burg under the same meridian of Cracow in the year of Our Lord 1515, on the 
18th day before the Kalends of October, in the 1840th year since the death of 
Alexander, on the 6th day of Phaophi the second month by the Egyptian calen- 
dar, half an hour after sunrise. At this time the position of the autumn equinox 
by calculation and observation was 152°45’ in the sphere of the fixed stars and 
was 83°29’ distant from the highest apsis in accordance with the preceding 
demonstration. 
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A Now let 
angle BEA = 83°20’ 
where 2 rt. angles = 180°; 
and two sides of the triangle are given: 
es BD =10,000 
pe and 
DE=323. 
| By the fourth theorem on plane triangles 
C angle DBE = 1°50’. 
For, if a circle circumscribes triangle BDE, then, as on the 
circumference, 
angle BED = 166°40’, 
where 2 rt. angles =360°. 


And 
ch. BD=19,864 
where dmt. = 20,000. 
And as 
BD : DE is given, 

ch. DE =640, 
and 

DE=ch. DBE 


and, as on circumference, 
angle DBE = 1°50’; 
but, as at centre, 
angle DBE =3°40’. 
And this was the additosubtraction and difference between the regular and the 
apparent movement. And 
angle BDA =angle DBE+angle BED = 1°50’ +83°20’ = 85°10’, 
the distance of the regular movement from the apogee, and hence the mean po- 
sition of the sun is 154°35’ in the sphere of the fixed stars. 

Therefore in the time between both observations there are 1662 Egyptian 
years 37 days 18 minutes [of a day] 45 seconds. And the mean and regular move- 
ment over and above the whole revolutions—of which there were 1660—is ap- 
proximately 336°15’, which is consonant with the number which we set out in 
the table of regular movements. 


19. ON DETERMINING THE PoSsITIONS OF THE REGULAR MOVEMENT 
OF THE SUN AT THE BEGINNINGS [oF YEARS] 


[90"] Accordingly in the flow of time between the death of Alexander the 
Great and the observation made by Hipparchus there were 176 years 362 days 
271% minutes, in which the mean movement was 312°43’, according to calcula- 
tion. When these degrees are subtracted from the sum of the 178°20’ of Hip- 
parchus’ observation and from the 360° of the circle, there will remain, for noon 
of the first day of Thoth the first month of the Egyptians at the beginning of 
the years named after the death of Alexander, a position of 225°37’ beneath the 
meridian of Cracow and of Frauenburg, the place of our observation. 

From this to the beginning of the Roman years of Julius Caesar in 278 years 
11814 days the mean movement is 46°27’ over and above the complete revolu- 
tions. The addition of these degrees to the degrees of the position of Alexander 
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gives 272°4’ as Caesar’s position at midnight before the Kalends of January, 
from which the Romans are accustomed to take the beginning of their years and 
days. 

Then in 45 years 12 days, or in 323 years 13014 days from the death of 
Alexander the Great, there arises the position of Christ at 272°31’. 

And since Christ was born in the third year of the 194th Olympiad, the cal- 
culations which give 775 years and 1214 days from the beginning of the year of 
the first Olympiad to midnight before the Kalends of January similarly give 
96°16’ as the position of the first Olympiad at noon of the first day of the month 
Hekatombaion, the anniversary of which day is now the Kalends of July ac- 
cording to the Roman calendar. 

In this way the beginnings of the simple movement of the sun are determined 
with respect to the sphere of the fixed stars. Moreover, the positions of the com- 
posite movement are given by the addition of the precession of the equinoxes 
and similarly to the others: the Olympic position at 90°59’; the position of 
Alexander at 226°38’; that of Caesar at 276°59’; and that of Christ at 278°2’. 
All these things, as we said, are taken with respect to the Cracow meridian. 


20. ON THE SECOND AND TWOFOLD [RREGULARITY WuHicu Occurs IN 
THE CASE OF THE SUN ON ACCOUNT OF THE CHANGE OF THE APSIDES 


[90°] But there is now a greater difficulty in connexion with the inconstancy 
of the apsis of the sun, since, although Ptolemny thought it to be fixed, others 
have thought it to follow the movement of the starry sphere, according as they 
judged that the fixed stars moved too. Arzachel opined that this movement 
also was irregular, that is to say, as happening to retrograde—from the token 
that, although, as was said, al-Battani had found the apogee 7°44’ to the west 
of the solstice (for previously during the 740 years after Ptolemy it had pro- 
gressed approximately 17°), it seemed to Arzachel 193 years later to have retro- 
graded approximately 414°. And accordingly he thought there was some other 
movement made by the centre of the annual orbital circle in a small circle, in 
accordance with which [movement] the apogee was deflected back and forth 
and the centre of the circle [of the year] was at unequal distances from the 
centre of the world. That was a good enough device, but it was not accordingly 
accepted, because upon a universal comparison it is not consonant with the 
rest; that is to say, if the succession in the order of movement is considered: 
namely, that at some time before Ptolemy the movement came to a standstill, 
that during 740 years or thereabouts it traversed 17°, that in the 200 years 
thereafter it retrograded 4° or 5°, that in the time remaining down to us it 
progressed, and that no other retrogradation was perceived during the total 
time, and no more standstills, though they necessarily intervene in the case of 
contrary movements back and forth. And this can by no means be understood 
as occurring in uniform and circular movement. Wherefore it is believed by 
many that some error had crept into their observations. But each mathematician 
is alike in his care and industry, so that it is doubtful which one we should 
follow in preference to the other. At all events, I confess that nowhere is there 
greater difficulty than in determining the apogee of the sun, where we ratio- 
cinate with very small and hardly perceptible magnitudes, since in the neigh- 
bourhood of the perigee and apogee [a movement of] 1° effects only a variation 
of approximately 2’ in the additosubtraction, but in the neighbourhood of the 
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mean apsides [a movement of] 1’ effects 5° or 6° [in the additosubtraction] ; and 
so a slight [91*] error can propagate itself greatly. Hence in placing the apogee 
at 624° of Cancer, we were not content to rely upon the instruments of the 
horoscope, unless the eclipses of the sun and moon gave us more certainty, since 
if any error lay concealed in our observations, the eclipses would uncover it 
without fail. Therefore, in accordance with most likelihood, we can apply our in- 
telligence to conceiving the movement as a whole: it is eastward, but irregular, 
since after that standstill between Hipparchus and Ptolemy the apogee has ap- 
peared to be in continuous, orderly, and increased progression down to our time, 
with the exception of the movement which occurred erroneously—it is believed 
—between al-Battani and Arzachel, as all the rest seems to be in harmony. For 
it seems to follow from the same ratio of circular movement that.the additosub- 
traction [of the movement] of the sun similarly does not stop decreasing and 
that corrections are made for these two irregularities in conjunction with the 
first and simple anomaly of the obliquity of the ecliptic or something similar. 
But in order for this to become more clear, let the circle AB around centre C 
be in the plane of the ecliptic. And let the di- 

K ameter be ACB, and on ACB let D be the 

fo | globe of the sun as it were at the centre of the 

world; and let another quite small circle EF 

be described around centre C in such a way as 

not to comprehend the sun. And let it be un- 

derstood that the centre of the annual revolu- 

tion of the Earth moves around this small 

circle with a rather slow progress. And since 

the small circle EF together with line AD has 

a rather slow movement eastward and the 


centre of the annual revolution has a rather 
meg slow movement westward along circle EF, 
B sometimes the centre of the annual orbital cir- 


cle will be found at its greatest distance which. 

is DE, and sometimes at its least which is DF, 
and with a slower movement at the greatest distance and a faster movement at 
the least. And along the middle curves the small circle makes the distance be- 
tween the centres increase and decrease with time, and it makes the highest 
apsis alternately precede and follow the apsis or apogee which is on line ACD 
as if in the middle position. In this way, if arc EG is taken and with G as centre 
a circle equal to AB is described, the then highest apsis will be on line DGK and 
DG will be a shorter distance than DE, by Euclid, mr, 8. 

And these things are demonstrated by means of a circle eccentric to an ec- 
centric circle as above; and by means of the epicycle [91] on the epicycle as 
follows: Let circle AB be homocentric with the world and with the ‘sun, and 
let ABC be the diameter, whereon the highest apsis is. And with A as centre 
let the epicycle DE be described; and again with D as centre, the epicycle FG, 
whereon the Earth revolves. And all in the same plane of the ecliptic. Let 
the movement of the first epicycle be eastward and approximately annual; 
and that of the second too, 7.e., D, be similar but westward. And let both 
have proportionately equal revolutions with respect to line AC. Moreover, let 
the centre of the Earth moving westward from F add a little movement to D. 


666 COPERNICUS 


From this it is clear that 
when the Earth is at F, it will 
make the apogee of the sun to 
be farthest away; and when at 
G it will make the apogee to be 
nearest; but in the mean arcs 
of epicycle FG, it will make 
the apogee precede or follow, 
increased or decreased, great- 
er or less; and hence it will 
make the movement appear 
irregular, as has been demon- 
strated before of the epicycle 
and the eccentric circle. 

Now let arc Al be taken. 
And with point J as centre let 
the epicyclical epicycle be 
taken again. And let CJ be 
joined and extended in the 
straight line C/K. 

angle KD=angle ACI 
on account of the revolutions ~. 
being proportionately equal. Therefore, as we demonstrated above, point D 
will describe around centre L an eccentric circle equal to homocentric circle 
AB, and with an eccentricity CL equal to DJ; and F will describe an eccentric 
circle having an eccentricity CLM equal to IDF; and G similarly an eccen- 
tric circle having an eccentricity CN equal. to IG. Meanwhile, if the centre 
of the Earth has by now measured [92°] any arc FO on its second epicycle, 
point O will not describe an eccentric circle whose centre is on line AC but one 
whose centre is on a line parallel [to DO], such as LP. But if OJ and CP are 
joined, 


ge 
oo” 


~ - 
- - 
Menten” 


OI=CP, 
but 
OIL <IF 
and 
GCP. GEM, 
And 


angle DIO =angle LCP, 
by Euclid, 1, 8. And that is the interval whereby the apogee of the sun on line 
CP will be seen to precede A. 

From this moreover it is clear that the same thing occurs through the eccen- 
tric circle having an epicycle, since with the eccentric circle alone pre-existing 
which epicycle D describes around centre L, the centre of the Earth revolves 
through arc FO in accordance with the aforesaid conditions, 7.e., [in a movement] 
less than the annual revolution. For it will describe, as before, another circle 
eccentric to the first, around centre P; and the same things will occur again. 
And since so many ways lead to the same number, I could not really say which 
one is right, except that the perpetual harmony of numbers and appearances 
compels us to believe that it is some one of them. 
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21. How GREAT THE SECOND DIFFERENCE IN THE IRREGULARITY 
OF THE Sun Is 


Therefore, since it has already been seen that the second irregularity follows 
after that first first and simple anomaly of the obliquity of the ecliptic or its 
similitude, we shall have its fixed differences, if some error on the part of past 
observers does not stand in the way. For according to calculation we have a 
simple anomaly of approximately 165°39’ for the year of Our Lord 1515, and 
also its beginning by a calculation backwards to approximately 64 years before 
the birth of Christ, from which time to us there has been a passage of 1580 years. 
Now the greatest eccentricity of that beginning has been found by us to be 414, 
whereof the radius is 10,000. But the eccentricity of our time, as was shown, is 
323. 

Now let AB be a straight line, and on it let B be the sun and centre of the 
world. Let AB be the greatest eccentricity and BD the least. Let a small circle 
be described whose diameter is AD, and let 

arc AC = 165°39’, E 


in proportion to the first simple anomaly. Since line AB has [92°] been found at 
the beginning of the simple anomaly, 7.e., at A, and 
line AB=414, 


line BC =323, 
therefore we shall now have triangle ABC with sides AB and BC given; and 
also one angle CAD given, because CD the remaining arc of the semicircle is 


a Pl are CD =14°21’, 
Therefore, by what we have shown concerning plane triangles, there are given 
the remaining side AC and angle ABC, the difference between the mean and the 
irregular movement of the apogee; and inasmuch as line AC subtends the given 
arc, diameter AD of circle ACD will also be given. For since 
angle CAD=14°21’, 
9 yi 24 
where diameter of circle circumscribing 
triangle = 20,000, 


BC : AB is given, 
AB=3225=ch. ACB =ch. 341°26’. 
Hence by subtraction angle CBD = 4°13’, 


and now 


and since 


And where 2 rt. angles = 360°. 
Therefore ch. CBD= AC =735. 
AC $95, 


where AB=414. 
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And according as AC subtends the given arc, it will have a ratio to AD as toa 
diameter. Therefore 


AD=96, 
and, by subtraction, bier pa ese 
DB=321, 


and that is the distance of the least eccentricity. But, as on the circumference 
angle CBD =4°13’, 
and as at the centre 
angle CBD =2°61y’, 
which is the additosubtraction to be subtracted from:the regular movement of 
AB around centre B. Now let there be drawn the straight line BE touching the 
circle at point £; and with centre F taken, let HF be joined. Therefore, since in 
right triangle BEF, 


alia side EF =48, 
side BDF =369, 
EF =1300, 
Ted where radius FB = 10,000. 
det EF = ch. 2 EBF; 


angle EBF =7°28’, 
where 4 rt. angles = 360°; 
and that is the greatest additosubtraction between the regular movement at F 
and the apparent at #. 4 
Hence the remaining and particular differences can be discovered: for in- 

stance, if 

angle AFE=6°. 
For we shall have the triangle with sides EP and FB and angle EFB given. 
Hence 

angle HBF=A41’, 
which is the additosubtraction. [934] But if 

angle AFE = 12°, 


' add. = 1°23’. 
And if 
angle AFE=18°, 
add. =2°3.¢ 


and so for the rest in this way, as was said above i in the case of the additosub- 
tractions for the annual revolution. 


22. How THE REGULAR MOVEMENT OF THE APOGEE OF THE SUN 
AND THE IRREGULAR MOVEMENT ARE UNFOLDED 


Therefore, since the time in which the greatest eccentricity coincided with the 
beginning of the first and simple anomaly was the third year of the 178th 
Olympiad but the 259th year of Alexander the Great by the Egyptian calendar, 
and on that account the simultaneously true and mean position of the apogee 
was at 514° of Gemini, 7.e., 654° from the spring equinox; and since the preces- 
sion of the equinoxes—the true at that time coinciding with the mean—was 
4°38’: the subtraction of 4°38’ from 6514° leaves 60°52’ from the head of Aries 
in the sphere of the fixed stars as the position of the apogee. 
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Again in the second year of the 573rd Olympiad and in the 1515th year of Our 
Lord, the position of the apogee was found at 624° of Cancer. But by calculation 
the precession of the spring equinox was 2714°; and the subtraction of 274° 
from 96°40’ leaves 69°25’. Now it was shown that with a first anomaly of 165°39’ 
existing at that time there was an additosubtraction of 2°7’, by which the true 
locus preceded the mean. Wherefore it was clear that the mean locus of the 
apogee of the sun was 71°32’. 

Therefore during the middle 1580 Egyptian years the mean and regular move- 
ment of the apogee was 10°41’. And when we have divided that by the number 
of the years, we shall have an annual rate of 24”207714’""’. 


23. ON THE CORRECTION OF THE ANOMALY OF THE SUN AND 
THE DETERMINATION OF ITs Prior PosITIONS 


[93>] If we subtract these 24’20’"14’’” from the simple annual movement, 
which was 359°44'4977/"4'""", there will remain an annual regular movement of 
anomaly of 359°44’24’'46’50’’”". Again, the distribution of 359°44/24/'46’"50/"”” 
through the 365 days will give a daily rate of 59’8"7’22’"” in accord with what 
was set out above in the tables. Hence we shall have the positions at the estab- 
lished beginnings of years—starting at the lst Olympiad. For it was shown that 
on the 18th day before the Kalends of October in the second year of the 573rd 
Olympiad at half an hour after sunrise the mean apogee of the sun was at 71°32’, 
from which the sun had a distance of 82°58’. And from the first Olympiad there 
have been 2290 Egyptian years 281 days 46 minutes, during which the move- 
ment of anomaly—the whole cycles not being counted—was 42°33’. The sub- 
traction of 42°33’ from 82°58’ leaves 40°25’ as the position of anomaly for the 
first Olympaid. 

And similarly, as above, the position for the Alexander years is 166°38’; for 
the Caesar years, 211°11’; and for the years of Our Lord, 211°19’. 


24. TABLE OF THE DIFFERENCES BETWEEN REGULAR AND 
APPARENT MOVEMENT 


But in order that those things which we have shown concerning the [additive 
and subtractive] differences between the regular and apparent movements of 
the sun may be better fitted up for use, we shall also set out a table of them, 
having sixty rows and six orders of ddlurihs: 

For the two first columns of both semicircles—that is to say, of the ascending 
and the descending semicircles—will contain numbers increasing by 3°’s, as 
above in the case of the movements of the equinoxes. 

In the third column will be inscribed the degrees of additosubtraction arising 
from the movement [94*] or anomaly of the solar apogee; and this additosub- 
traction ascends to the height of approximately 714°, according as it fits each 
row of degrees. 

The fourth place is given over to the proportional minutes, which go up to 60’; 
and they are reckoned according to the differences between the greater and the 
lesser additosubtractions arising from the simple anomaly. For since the greatest 
of these differences is 32’, the sixtieth part will be 32”. Therefore in accordance 
with the magnitude of the difference, which we derive from the eccentricity by 
the mode described above, we put down a number up to 60 to cormrepend to the 
single items in the column of the 3°’s. 
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In the fifth column the single additosubtractions arising from the annual and 
first anomaly are set up in accordance with the least distance of the sun from 
the centre. 

In the sixth and final column, the differences between these additosubtractions 
and the additosubtractions which occur at greatest eccentricity.! The table is as 
follows: 


TABLE OF THE ADDITIONS-AND-SUBTRACTIONS OF THE MOVEMENT OF THE SUN 
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1The movements on the homocentric circle, on the first epicycle, and on the second epi- 
cycle are proportionately equal. Hence, from the first two columns of the table are to be 
taken the movement on the second epicycle, or arc KJ; and from the third column, the 
additosubtraction to be applied to the annual anomaly or movement of the first epicycle; 
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25. ON THE CALCULATION OF THE APPARENT MOVEMENT OF THE SUN 


[95>] From that, I think, it is now sufficiently clear how the apparent position 
of the sun is calculated for any given time. For we must seek the true position of 
the spring equinox for that time or its precession together with its first and 
simple anomaly, as we have set forth above, and then the mean simple move- 
ment of the centre of the Earth—or you may call it the movement of the sun— 
and the annual anomaly, by means of the tables of regular movements; and they 
are added to their established beginnings. Accordingly you will take the number 
of the first simple anomaly found in the first or second column of the preceding 
table; and in the third column! you will find the corresponding additosubtrac- 
tion for correcting the annual anomaly, and in the following column the propor- 
tional minutes; save the proportional minutes. Now add the additosubtraction 
to the annual anomaly, if the first [and simple anomaly]—or its number con- 
tained in the first column—is less than a semicircle; otherwise subtract. For the 
remainder or aggregate will be the corrected anomaly of the sun; now by means 
of this take the additosubtraction arising from the annual [eccentric] orbital cir- 
cle [or first epicycle]—which is found in the fifth column—and the difference 
in the following column. If this difference, when adjusted to the proportional 
minutes you have saved, amounts to something, it is always added to this addi- 
tosubtraction, and the additosubtraction thus becomes corrected and is sub- 
tracted from the mean position of the sun, if. the number of the annual anomaly 
is found in the first column or is less than a semicircle, but it is added, if the 
annual anomaly is greater or is found in one of the other columns of numbers. 
For that which in this way becomes the remainder or aggregate will determine 
the true position ofthe sun as measured from the head of the constellation of 
Aries, and if finally the true precession of the spring equinox is added to this 
[position of the sun], it will straightway show the distance of the sun from the 
equinox in degrees of the ecliptic among the twelve signs. 

But if you wish to do that in another way, take the regular composite move- 
ment instead of the simple, and do the other things we spoke of, except that in- 
stead of the precession of the equinox, you add or subtract merely its addito- 
subtraction, as the case demands. And so the rational explanation of the appear- 
ance of the sun by means of the mobility of the Earth is consonant with ancient 
and modern findings; and it is all the more [96] presumed to hold for the future. 


4.e., since the movements on the first epicycle and on the second epicycle are proportionate- 
ly equal to one another. 


this additosubtraction, angle KFJ, corrects the mean 
anomaly from H to I. (Proportional minutes correspond- 
ing to arc KJ are to be saved.) Then from the fifth 
column is to be taken the additosubtraction GEJ, corre- 
sponding to angle GFJ. But since the true position of the 
sun is not at J but at J, the additosubtraction must be cor- 
rected for the difference between angle FEI and angle FlJ. 
The proportional minutes which have been saved enable 
one to adjust the final difference, angle JE, according 
as chord FJ varies in length between FL and FK: that 
is to say, the change in eccentricity according to the move- 
ment around circle CO may be considered as it were a 
variation in the length of the radius of the corrected epi- 
cycle HK. 
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But furthermore, we are not ignorant of the fact that, if anyone thought that 
the centre of the annual revolutions were fixed as the centre of the world but 
that the sun moved in accordance with two movements similar and equal to 
those which we demonstrated in the case of the centre of the eccentric circle, 
everything will be manifest which was manifest before—the same numbers and 
the same demonstrations—since nothing else is changed in them except their 
situation, especially those which have to do with the sun. For then the 'move- 
ment of the centre of the Earth round the centre of the world would be absolute 
and simple, as the other two movements would be attributed to the sun itself. 
And on that account there will still remain some doubt as to which of these cen- 
tres is the centre of the world, as we said ambiguously in the beginning that the 
centre of the world was.at the sun or around the sun. But we'shall say more 
about this question in our explanation of the five wandering stars; and we shall 
decide the issue to the extent that we are able, holding it enough, if we apply to 
the apparent movement of the sun calculations which have certitude and are not 
misleading. 


26. ON THE NTXOHMEPON, I.K., THE DIFFERENCE OF THE NATURAL Day 


In connection with the sun there still remains some thing to be said about 
the inequality of the natural day. This time is comprehended by the space of 
twenty-four hours, which up to now we have used as the common and certain 
measure of the celestial movements. But some, like the Chaldees and the ancient 
Jews, define such a day as the time between two sunrises; others, like the Athen- 
ians, as that between two sunsets; or like the Romans, from midnight to mid- 
night; or like the Egyptians, from noon to noon. Now it is clear that during this 
time the revolution proper to the terrestrial globe is completed together with 
that which is added by the annual revolution in accordance with the apparent 
movement of the sun!. The apparent irregular course of the sun in especial shows 
that this addition is unequal, as does the fact that the natural day takes place 
with respect to the poles of the equator, but the year with respect to the ecliptic. 
Wherefore that apparent time cannot be the common and certain measure of 
movement, since day does not accord with day in every respect; and so it was 
necessary to choose among them some mean and equal day, by which it would 
be possible [96>] to measure regularity of movement without trouble. Therefore 
since in the circle of the total year there are 365 revolutions around the poles 

1In Ptolemy the daily revolution and the annual movement were 
in opposite directions, and thus the solar day was slightly longer 
than the sidereal day. Here the daily revolution of the Earth and 
its annual movement are both of them in the same direction, 7.e., 
eastward, and the solar day remains longer than the sidereal day on 
account of the third movement of the Earth, 7.e., the declination of 
the pole of the Earth, which is approximately equal to the annual 
revolution but in the opposite direction. 

Let A be the sun, CF and DEF the Earth with centre B and G. 
And let FBC and FGD be the same meridian line. Let the centre of 
the Earth move from B to G during the space of 24 equatorial hours. 
As the movement of declination keeps the axis of the Earth parallel 
to itself, so too the meridian line FBC or FGD will be parallel to it- 
self at the end of one daily revolution, but it will not be one with 
GEA, the line from the centre of the Earth to the centre of the sun, 
until the Earth has further revolved through arc DE. That is to say, | 
the solar day is equal to the 360° of sidereal day DEF D plus arc DE. ' 
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of the Earth, to which there accretes approximately one whole supernumerary 
revolution on account of the daily addition made by the apparent progress of 
the sun: consequently one 365th part of that would fill out the natural day upon 
an equal basis. 

Wherefore we must define and separate the equal day from the apparent and 
irregular. Accordingly we call that the equal day which comprehends the whole 
revolution of the equator and over and above that the portion which the sun is 
seen to traverse with regular movement during that time; but the unequal and 
apparent day that which comprehends the 360 ‘‘times’”! of one revolution of the 
equator and in addition that which ascends in the horizon or meridian together 
with the apparent progress of the sun. Although the difference between these 
days is very slight and not immediately perceptible, nevertheless it becomes evi- 
dent after the passage of a certain number of days. 

There are two causes for this: the irregularity of the apparent movement of 
the sun and the unequal ascension of the oblique ecliptic. The first cause, which 
exists by reason of the irregular apparent movement of the sun, has already been 
explained, since in the case of the semicircle in which the highest apsis holds the 
midpoint there is a deficiency of 434 “‘times”’ with respect to the ecliptic, accord- 
ing to Ptolemy, and in the case of the other semicircle, in which the lowest apsis 
is, there is a similar excess of the same amount. Accordingly the total excess of 
one semicircle over the other was 91% ‘‘times.”’ 

But in the case of the other cause—which has to do with the rising and setting 
—the greatest difference occurs between the semicircles comprehending each 
solstice. This is the difference which exists between the shortest and the longest 
day and which is most variable, as being particular to each region. The differ- 
ence which is measured from noon or midnight is comprehended by four termini 
everywhere, since from 16° of Taurus to 14° of Leo, 88° [of the ecliptic] cross 
the meridian together with approximately 93 ‘‘times’’; and from 14° of Leo 
to 16° of Scorpio, 92° [of the ecliptic] and 87 ‘“‘times” pass over the meridian, 
so that in the latter case there is a deficiency of 5 ‘‘times’’ and in the former case 
an excess of 5 ‘‘times.’’ And so the sum of the days in the first segment exceeds 
those in the second by ten ‘‘times’’—which make two thirds of one hour; and 
the same thing takes place conversely in the other semicircle within the remain- 
ing termini set diametrically opposite to these. Now the mathematicians chose 
[972] to take the natural day from noon or midnight rather than from sunrise or 
sunset. For the difference which is taken from the horizon is more manifold; for 
it extends to a certain number of hours, and moreover it is not everywhere the 
same but varies manifoldly according to the obliquity of the sphere. But the one 
which pertains to the meridian is everywhere the same and is more simple. 
Therefore the total difference, which is constituted by the aforesaid causes: the 
apparent irregular progress of the sun and the irregular passage over the merid- 
ian, in the time before Ptolemy, took its beginning of decrease at the midpoint 
of Aquarius and, increasing from the beginning of Scorpio, added up to 8% 
“times”; and now decreasing from 20° of Aquarius or thereabouts to 10° of 
Scorpio and increasing from 10° of Scorpio to 20° of Aquarius, it has contracted 
to 7 ‘“‘times”’ 48’. For these things too are changed on account of the incon- 
stancy of the perigee and the eccentricity with the passage of time. Finally, 
moreover, if the greatest difference in the precession of the equinoxes is taken 


1The unit parts of the equator are called ‘‘times’’ instead of degrees. 
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into account, the total difference of the natural days can extend itself to above 
10 ‘‘times’’ for a period of years. In this the third cause of the inequality of days 
was hidden up to now, because the revolution of the equator was found regular 
in respect to the mean and regular equinox but not in respect to the apparent 
equinoxes, which—as is clear enough—are not wholly regular. Therefore the 
doubling of the 10 ‘‘times” makes 114 hours, by which sometimes the longer 
days can exceed the shorter. 

These things can perhaps be neglected this side of manifest error in connexion 
with the annual progress of the sun and rather slow movement of the fixed stars; 
but on account of the speed of the moon—by reason of which an inexactitude of 
56° in the movement of the sun can cause error—they are by no means to be 
neglected. Accordingly, the method of reducing the irregular and apparent time 
—wherein all differences agree—to the equal time, is as follows. 

For any period of time proposed there must be sought in each limit of the 
time—I mean in the beginning and the end—the mean position of the sun with 
respect to the mean equinox according to its regular movement which we called 
composite, and also the true apparent position with respect to the true equinox; 
and we must consider how many ‘‘times”’ the right ascensions [97°] at midday 
or midnight have amounted to, or how many ‘‘times’’ intervened between the 
first true position and the second true position. For if they are equal to the de- 
grees between the two mean positions, then the apparent time assumed will be 
equal to the mean time. But if the “times” exceed, the excess should be added 
to the given time; and if they are deficient, the deficiency should be subtracted 
from the apparent time. For if we take the sums and remainders, we shall have 
the time reduced to equality by taking for one ‘‘time”’ four minutes of an hour 
or ten seconds of a minute of a day. But if the equal time is given, and you want 
to know how much apparent time corresponds to it, you will do the contrary. 

Now for the first Olympiad we have the mean position of the sun at 90°59’ in 
relation to the mean spring equinox, on noon of the first day of Hekatombaion, 
the first month by the Athenian calendar, and at 0°36’ of Cancer in relation to 
the apparent equinox. But for the years of Our Lord we have the mean move- 
ment of the sun at 8°2’ of Capricorn and the true movement at 8°48’ of the same. 
Therefore 178 ‘“‘times’’ 54’ ascend in the right sphere from 0°36’ of Cancer to 
8°48’ of Capricorn, and they exceed the distance of the mean positions by 1 
“times” 51’, which make 7 minutes of an hour. And so for the rest, by means 
of which the course of the moon can be examined most accurately: we shall 
speak of that in the following book. 


BOOK FOUR 


[98*] Since in the preceding book, to the extent that our mediocrity was able, 
we explained the appearances due to the movement of the Earth around the 
sun, and we proposed by that same means to determine the movements of all 
the planets; the circular movement of the moon interrupts us now and does so of 
necessity because through her in particular, who shares in both night and day, 
the positions of the stars are apprehended and examined; then, because she 
alone of all the planets refers her revolutions however irregular directly to the 
centre of the earth and is most closely akin to the earth. And on that account, 
in so far as she is considered in herself, she does not indicate anything about the 
mobility of the Earth—except perhaps in the case of the daily movement; and 
for that reason the ancients believed that the Earth was the centre of the world 
and the centre common to all revolutions. In our explanation of the circular 
movement of the moon we do not differ from the ancients as regards the opinion 
that it takes place around the Earth. But we shall bring forward certain things 
which are different from what we received from our elders and are more con- 
sonant; by means of them we shall try to set up the movement of the moon with 
more certitude, in so far as that is possible. 


1. THe HYPOTHESES OF THE CIRCLES OF THE Moon ACCORDING TO THE 
OPINION OF THE ANCIENTS 


Accordingly the movement of the moon has the following property: it does 
not follow the ecliptic but follows an incline proper to itself, which bisects the 
ecliptic and is in turn bisected by it, and from this line of intersection the moon 
crosses over into both latitudes. These facts are as firmly established as the sol- 
stices in the annual movement of the sun. As the year belongs to the sun, so the 
month belongs to the moon. Now the middle positions at the sections are called 
[by some] ecliptic; by others, nodes—and the conjunctions and oppositions of 
the sun and moon occurring at those positions are called ecliptic. [98>] For there 
are not any other points common to both circles except these in which the 
eclipses of the sun and moon can take place. For in other places the divagation 
of the moon keeps the sun and moon from opposing one another with their lights; 
but, as they pass by, they do not block one another. Moreover, the orbital cir- 
ele of the moon with its four “hinges” or cardinal points revolves obliquely 
around the centre of the Earth in a regular movement of approximately 3’ per 
day, and it completes its revolution in 19 years. Accordingly the moon is per- 
ceived always to move eastward in this orbital circle and in its plane, but some- 
times with least velocity and at other times with greatest velocity. For it is slow- 
er, the higher up it is; and faster, the nearer to Earth; and this fact can be appre- 
hended more easily in the case of the moon than in that of any other planet on 
account of the nearness of the moon. 

Accordingly the ancients understood that change in velocity to occur on ac- 
count of an epicycle; in running around this epicycle the moon, when in the 
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upper semicircle, subtracts from the regular movement, but when in the lower 
semicircle, it adds the same amount to it. Besides, it has been demonstrated that 
those things which take place through an epicycle can take place through an 
eccentric circle. But the ancients chose the epicycle because the moon seemed to 
admit to a twofold irregularity. For when it was at the highest or the lowest apsis 
of the epicycle, there was no apparent difference from regular movement. But 
around the point of contact of the epicycle and the greater circle there was a 
variable difference, for the difference was far greater when the half moon was 
waxing or waning than when there was a full moon; and this in a fixed and or- 
derly succession. Wherefore they thought that the circle in which the epicycle 
moved was not homocentric with the Earth; but that there was an eccentric 
circle carrying an epicycle in which the moon was moved in accordance with 
the law that in all mean oppositions and conjunctions of the sun and moon the 
epicycle should be at the apogee of the eccentric circle but in the mean quad- 
rants of the [synodic] circle! at the perigee of the eccentric circle. Therefore 
they imagined two equal and mutually opposing movements around the centre 
of the Earth—namely, that of the epicycle eastward and that of the centre of 
the eccentric circle and its apsides westward, with the line of the mean position 
of the sun always half-way between them. And in this way the epicycle tra- 
verses the eccentric circle twice a month. 

And in order that these things may be brought before our eyes, let ABCD be 
the oblique lunar circle homocentric with the 
Earth. Let it bequadrisected by the diameters 
AEC and BED; and let E be the centre of the 
Earth. Now on line AC there will be the mean 
conjunction of the sun and moon and at the Ey, 
same position and time the apogee of the ec- 
centric circle—whose centre is F—and the 
centre [99°] of the epicycle MN. Now let the 
apogee of the eccentric circle be moved asfar  , ae D 
westward as the epicycle eastward, and let 
them both move regularly around £ in regular al ae 
and monthly revolutions as measured by the 
Mean conjunctions or oppositions of the sun. 
And let line AEC of the mean position of the 
sun be always half way between them; and 
furthermore let the moon move westward 
from the apogee of the epicycle. For astrono- 
mers think that the appearances agree with this set-up. For since the epi- 
cycle in the time of half a month moves the distance of a semicircle away from 
the sun but completes a full revolution from the apogee of the eccentric circle; 
as a consequence, at the midpoint of this time—when the moon is half full— 
the moon and the apogee are in opposition to one another along diameter BD; 
and the epicycle is at the perigee of the eccentric circle, as at point G where 
—having become nearer to the Earth—it makes greater differences of irregu- 
larity. For when equal magnitudes are set out at unequal intervals, the one 
which is nearer to the eye appears the greater. Accordingly the differences will 
be least when the epicycle is at A, but greatest when it is at G, since the diam- 

1The synodic circle is the lunar cycle of revolution with respect to the sun. 
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eter MN of the epicycle will be to line AE in its least ratio but will be to GE 
in a greater ratio than to all the other lines which are found in the rest of the 
positions, since GE is the shortest line and AZ or its equal DE the longest of all 
those lines which can be extended from the centre of the Earth to the eccentric 
circle. 


2. ON THE INADEQUACY OF ‘l'HOSE ASSUMPTIONS 


Our predecessorsassumed that sucha composition of circles was consonant with 
lunar appearances. But if we consider the thing itself rather carefully, we shall 
not find this hypothesis very fitting or adequate, as we can prove by reason and 
sense. For while they admit that the movement of the centre of the epicycle is 
regular around the centre of the Earth, they must also admit that the movement 
is irregular on its own eccentric circle which it describes. Ifi—for example—it is 
assumed that 

angle AF B=angle AED=45°, 
so that by addition 
angle BED=90°; 

and if the centre of the epicycle is taken in G 
[99>] and GF is joined; it is clear that 

angle GFD >angle GEF, 
the exterior than the interior and opposite angle. 
Wherefore the dissimilar ares DAB and DG are 
both described during one period of time, so that 
when 

arc DAB=90°; 
arc DG >90°, 

and are DG has been described by the centre of 
the epicycle during this same time. But it is clear 
at half moon 

arc DAB=arce DG=180°: 
therefore the movement of the epicycle on the eccentric circle which it describes 
is not regular. | 

But if this is so, what shall we reply to the axiom: The movement of the heavenly 
bodies is regular except for seeming irregular with respect to appearances; if the ap- 
parent regular movement of the epicycle is really irregular and takes place ut- 
terly contrary to the principle set up and assumed? But if you say that the 
epicycle moves regularly around the centre of the Earth and that that takes care 
sufficiently of the regularity, then what sort of regularity will that be which oc- 
curs in a circle foreign to the epicycle, in which its movement does not exist, and 
not in its own eccentric circle? 

We also are amazed at the fact that they mean the regularity of the moon in 
its epicycle to be understood not in relation to the centre of the Earth, namely, 
in respect to line HGM, to which the regularity having to do with the centre of 
the epicycle should rightly be referred, but in relation to some other different 
point, which has the Earth midway between it and the centre of the eccentric 
circle, and that line /GH is, as it were, the index of the regularity of the moon 
in the epicycle. And that shows well enough that this movement is really irregu- 
lar. For the appearances which in part follow upon this hypothesis force this 
admission. And now that the moon traverses its own epicycle irregularly, we 
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may mark what the line of reasoning would be like if we should try to con- 
firm the irregularity of apparent movement by means of real irregularities. 
For what else shall we be doing except giving a hold to those who detract from 
this art? 

Furthermore, experience and sense-perception teach us that the parallaxes of 
the moon are not consonant with those which the ratio of the circles promises. 
For the parallaxes, which are called commutations, take place on account of the 
magnitude of the Earth being evident in the neighbourhood of the moon. For 
since the straight lines which are extended from the centre of the Earth and its 
surface do not appear parallel but [100] in accord with a manifest inclination 
cut one another in the body of the moon, they are necessarily able to make for 
irregularity in the apparent movement of the moon, so that the moon is seen in 
a different position by those viewing it obliquely along the convexity of the 
Earth and by those who behold the moon from the centre or vertex [of the 
Earth]. Accordingly such parallaxes vary in proportion to the distance of the 
moon from the Earth. For by the consensus of all the mathematicians the 
greatest distance is 6414 units whereof the radius of the Earth is one unit; but 
in accordance with the commensurability of these things the least distance 
should be 33°33’, so that the moon would move towards us through approxi- 
mately half the total distance—and by the ensuing proportion it was necessary 
for the parallaxes at greatest and least distance to differ from one another in the 
ratio of the squares. But we see that those parallaxes, which occur at the time 
of the half moon waxing or waning, even in the perigee of the epicycle differ 
slightly or not at all from those which occur at the eclipses of the sun and moon, 
as we shall show satisfactorily in the proper place. 

But the body itself of the moon makes perfectly clear that error, because for 
the same reason it would appear twice as large and twice as small in its diameter. 
But just as circles are in the ratio of the squares! of their diameters, the moon 
should seem almost four times greater in its quadratures when nearest the earth 
than when opposite the sun, if it were a full moon shining; but since a half moon 
is shining, nevertheless it should shine with twice the area of light as a full 
moon there—although the contrary of this is self-evident. If someone who is not 
content with simple sight wishes to make an experiment with the dioptra of 
Hipparchus or some other instruments by which the diameter of the moon may 
be determined, he will find that the diameter does not vary except in so far as 
the epicycle without the eccentric circle demands. For that reason Menelaus 
and Timochares in investigating the fixed stars by means of the positions of the 
moon did not hesitate to use the same lunar diameter always as 14°, which the 
moon was seen to occupy most of the time. 


3. ANOTHER THEORY OF THE MOVEMENT OF THE Moon 


In this way it is perfectly clear that it is not an eccentricity which makes the 
epicycle appear greater and smaller, but some other relation of circles. {[100b] 
For let AB be the epicycle which we shall call first and greater; and let C be 
its centre. Let D be the centre of the Earth, and from D let the straight line 
DC be extended to the highest apsis of the epicycle; and with A as centre let 
another small epicycle EF also be described—and all this in the same plane of 

1Literally, in duplicate ratio. 
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the oblique circle 
of the moon. 
Now let C be 
moved eastward 
but A westward; 
and again let the 
moon be moved 
eastward from F 
the upper part of 
EF. And let such 
an order be kept 
that when line 
DE is one with 
line of the mean position of the sun, the moon is always nearest to centre C, 1.e., 
is in point £, but in the quadratures is farthest away at F. I say that the lunar 
appearances agree with this set-up. 

For it follows that twice a month the moon runs around epicycle EF, during 
which time C makes one revolution with respect to the mean position of the 
sun. And the new and the full moon will be seen to cause the least circle, namely, 
that whereof the radius is CE; but the moon in its quadratures will cause the 
greatest circle with radius CF; and thus again in the conjunctions and opposi- 
tions it will make lesser differences between the regular and the apparent move- 
ment, but in the quadratures greater differences by means of similar but un- 
equal arcs around centre Z. And since the centre of the epicycle is always in a 
circle homocentric with the Earth, it will not exhibit such diverse parallaxes but 
parallaxes in conformity with the epicycle. And the reason will be evident why 
the body of the moon is seen somehow similar to itself; and all the other things 
which are perceived in the movement of the moon will come about in this way. 

We shall demonstrate them successively by means of our hypothesis, although 
the same things can take place through eccentric circles, as in the case of the 
sun—the due proportion being kept. Now we shall take our start from the regu- 
lar movements, as we did above, without which the irregular movement cannot 
be separated out. But here there is no small difficulty on account of the paral- 
laxes, which we mentioned; and for that reason the position [of the moon] is not 
observable by means of astrolabes and other such instruments. But the kindness 
of nature makes provision for human longing even in this respect, so that the 
position [of the moon] is more surely determinable through its eclipses than by 
means of instruments and without any suspicion of error. [101%] For since the 
other parts of the world are pure and are filled with the light of day, it stands 
to reason that night is nothing except the shadow of the Earth, which has the 
figure of a cone and ends in a point. Falling upon this cone, the moon is dimmed; 
add, when placed at the midpoint of its darkness, is understood to have arrived 
without any doubt at the position opposite the sun. But the eclipses of the sun, 
which take place when the moon moves in front of it, do not offer such a certain 
determination of the position of the moon. For it happens that the conjunction 
of the sun and moon is seen by us at some given time, although in relation to the 
centre of the Earth the conjunction has passed or has not yet taken place, be- 
cause of the aforesaid parrallax. And accordingly in different parts of the Earth 
we view the same eclipse of the sun as unequal in magnitude and duration and 
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not similar in all respects. But in the case of the eclipses of the moon no such 
hindrance occurs, since the Earth transmits the axis of that blotting shadow 
through its centre from the sun; and for that reason the eclipses of the moon are 
best fitted for determining the course of the moon with the utmost certainty. 


4. ON THE REVOLUTIONS OF THE Moon anp Its ParTICULAR MOVEMENTS 


Among the ancients who cared to hand these things down to posterity by 
means of numbers was found Meton the Anthenian, who flourished around the 
37th Olympiad. He reported that in 19 solar years there were 235 full months, 
whence that great évveadexadrepis year, 2.e., year of nineteen years, was called 
the Metontic year. That number was so suitable that it was set up publicly in 
the market place at Athens and other famous cities, and even down to the pres- 
ent it has remained in common use, because they think that through it the be- 
ginnings and ends of the months are established in a sure order and that through 
it also the solar year of 36514 days is commensurable with the months. Hence 
the Callippie period of 76 years, in which there is an intercalation of 19 days 
and which they call the Callippic year. 

But Hipparchus discovered through careful study that in 304 years there was 
an excess of a total day, and that [the Callippic year] was verifiable only when 
the solar year was 499 of a day smaller. And so by some men that year was 
called the great year of Hipparchus, [101°] in which there were 3760 full months. 
These years are called more simply and crassly, so to speak, Minerva’s, when 
the recurrences of anomaly and of latitude are also sought, for the sake of which 
that same Hipparchus was making further investigations. For by comparing the 
readings which he took in making careful observation of the lunar eclipses with 
those which he had got from the Chaldees, he determined the time in which the 
revolutions of the months and of the anomaly recurred simultaneously to be 345 
Egyptian years 82 days and 1 hour; and during that time there were 4267 full 
months and 4573 cycles of anomaly. Therefore when the number of months has 
been reduced to days and there are 126,007 days 1 hour, one month is found 
equal to 29 days 31 minutes 50 seconds 8 thirds 9 fourths 20 fifths. According to 
that ratio the movement during any time is manifest. For the division of the 360° 
of revolution of one month by the number of days in a month produces a daily 
movement of the moon in relation to the sum of 12°11’26'41'"207"18'"""". The 
multiplication of that by 365 makes—in addition to the 12 revolutions—an 
annual movement of 129°37’21/728’’29'""". 

Furthermore, since the 4267 months and 4573 cycles of anomaly are given in 
numbers which are composite with respect to one another, that is, as being 
numbered by the common measure of 17, the ratio of 4267 months to 4573 cy- 
cles of anomaly will in least terms be the ratio of 251 to 269; and by Euclid, x, 
15, we shall have the proportion of the revolution of the moon to the movement 
of anomaly in that ratio. Accordingly, when we have multiplied the [annual] 
movement of the moon by 269 and divided the product by 251, the quotient 
will be annual movement of anomaly of 13 full revolutions and 88°43’8’'40’”’- 
20’’, and hence a daily movement of 13°3’53’56’’’29""”. 

But the revolution in latitude has another ratio. For it does not agree with 
the prescribed time in which the anomaly has recurred; but we understand that 
the latitude of the moon has returned only at that time when a later eclipse of 
the moon is in every respect similar and equal to an earlier, so that both obscura- 
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tions are in the same part of the moon and are equal, 7.¢c., in magnitude and dura- 
tion. And this happens when the distances of the moon from the highest or the 
lowest apsis are equal. For then the moon is understood to have traversed 
equal shadows in equal time. [102?] Now according to Hipparchus such a return- 
ing occurs once in 5458 months, to which there correspond 5923 revolutions of 
latitude. And by that ratio the particular movements of latitude in years and 
days will be established, as in the case of the others. For when we have multi- 
plied the movement of the moon away from the sun by 5923 months and divided 
the product by 5458, we shall have an annual movement of the moon in latitude 
of 13 revolutions 148°42’46'"49’’3’"”" and a daily movement of 13°13’45’’39’’’- 
age” 

Hipparchus gave this as the rate of the regular movements of the moon, and 
no one before him had made a closer approximation. Nevertheless the succeed- 
ing ages did not show these movements absolved by all the same numbers. For 
Ptolemy found the same mean movement away from the sun as did Hipparchus, 
but an annual movement of anomaly deficient with respect to the former in 
111/39’ and an annual movement of latitude with an excess of 53’41'”. 
But now after the passage of many ages since Hipparchus we also found a mean 
annual movement deficient in 1’’2’49’"” and a movement of anomaly deficient 
in only 24’”’49’""’, Moreover, there is an excess of 1/'1’’’44’"” in the movement in 
latitude. And so the regular movement of the moon, whereby it differs from the 
terrestrial movement, will be an annual movement of 129°37’22'32'"40"”, a 
movement of anomaly of 88°43/9'5’9’"" and a movement in latitude of 148°- 
Bae 1 
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MovEMENT OF THE MOON IN YEARS AND PERIODS oF SIxTYy YEARS 
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MovEMENT OF THE Moon IN Days AND PERIODS OF Sixty Days 
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MoveMEnNT OF ANOMALY OF THE MOON IN YEARS 
AND PERIODS OF SIXTY YEARS 
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LunAR MoveEMENT IN LATITUDE IN YEARS AND PERIODS oF Sixty YEARS 
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MoveMENT IN LATITUDE OF THE Moon IN Days AND PERIODS OF Sixty Days 


Days Movement Days Movement 

60° ° , ” we 60° ° , ” we 

1 0 13 13 45 39 31 6 50 6 35 20 
2 0 26 27 31 18 32 fi 3 20 20 59 
3 0 39 41 16 58 33 uA 16 34 6 39 
4 0 52 55 2 37 ts 34 7 29 47 52 18 
5 1 6 8 48 16 2 35 a 43 1 37 58 
6 1 19 22 33 56 © 36 7 56 15 23 37 
7 1 32 36 19 35 S 37 8 9 29 9 16 
8 1 45 50 5 14 ~ 38 8 22 42 54 56 
9 1 59 3 50 54 4 39 8 935 %56 | 40 135 
10 2 12 17 36 33 Pa 40 8 49 10 26 14 
11 2 25 31 22 13 = 41 9 2 24 11 54 
12 2 38 45 fi 52 o 42 9 15 37 57 33 
13 2 51 58 53 31 ‘> 43 9 28 51 43 13 
14 3 5 12 39 11 2 44 9 42 5 28 52 
15 3 18 26 24 50 & 45 9 55 19 14 31 
16 3 31 40 10 29 mo 46 10 8 33 0 11 
Ney 3 44 53 56 9 2 47 10 21 46 45 50 
18 3 58 7 41 48 = 48 10 35 0 31 29 
19 4 11 21 27 28 3 49 10 48 14 17 9 
20 4 24 35 13 7 2 50 11 1 28 ve 48 
21 4 OM 48 58 46 3 51 11 14 41 48 28 
22 4 51 Z 44 26 3 52 11 26 55 34 7 
23 5 4 16 30 5 nw 53 11 41 9 19 48 
24 5 17 30 15 44 54 Bl 54 23 5 26 
25 5 30 44 i 24 55 ee 7 36 51 5 
26 5 43 57 47 3 56 12 20 50 36 44 
27 5 57 11 oe 43 57 12 34 4 22 24 
28 6 10 25 18 22 58 12 47 18 8 3 
29 6 23 39 4 1 59 13 0 31 53 43 
30 6 36 25 49 41 60 13 13 45 39 22 


REVOLUTIONS OF HEAVENLY SPHERES, IV 685 


5. DEMONSTRATION OF THE First IRREGULARITY OF THE MOON 
Wuicu Occurs AT THE NEW AND AT THE FuLL Moon 


[105>] We have set out the regular movements of the moon, according as they 
can be known by us at present. Now we must approach the ratio of irregularity 
which we shall demonstrate by way of the epicycle, and first the irregularity 
which occurs in the conjunction and oppositions with the sun, in connexion with 
which the ancient mathematicians exercised their amazing genius in triads of 
lunar eclipses. We shall also follow the road thus prepared for us by them, and 
we shall take three eclipses carefully observed by Ptolemy and compare them 
with three others noted with no less care, in order to examine the regular move- 
ments already set out, to see if they have been set out correctly: In explaining 
them we shall in imitation of the ancients employ as regular the mean movement 
of the sun and moon away from the position of the spring equinox, since the vari- 
ation which occurs on account of the irregular precession of equinoxes is not 
perceptible in such a short time or even in ten years. 

Accordingly, Ptolemy took as first the eclipse occurring in the 17th year of 
Hadrian’s reign, after the close of the 20th day of the month Pauni by the 
Egyptian calendar; and it was the year of Our Lord 133 on the 6th day of May 
or the day before the Nones. There was a total eclipse, the midtime of which was 
a quarter of an equal hour before midnight at Alexandria; but at Frauenburg or 
Cracow it was an hour and a quarter before the midnight which the seventh day 
followed; and the sun was at 1214° of Taurus, but according to the mean move- 
ment at 12°21’ of Taurus. 

He says that the second occurred in the 19th year of Hadrian, when two days 
of Chiach—the fourth Egyptian month—had passed: that was in the year of Our 
Lord 134, 13 days before the Kalends of November. There was an eclipse from 
the north covering ten twelfths of its diameter. The midtime was one equatorial 
hour before midnight at Alexandria, but two hours before midnight at Cracow; 
and the sun was at 251% °of Libra but by its mean movement at 26°43’ of the 
same. 

The third eclipse occurred in the 20th year of Hadrian, when 19 days of Phar- 
muthi—the eighth Egyptian month—had passed; in the year of Our Lord 
[106°] 135, when the 6th day of March had passed. The moon was again eclipsed 
in the north to the extent of half its diameter. The midtime was four equatorial 
hours past midnight at Alexandria, but at Cracow it was three hours after mid- 
night, that morning being the Nones of March. At that time the sun was at 
1414 2° of Pisces, but by its mean movement at 11°44’ of Pisces. 

Now it is clear that in the middle space of time between the first and the 
second eclipse the moon traversed as much space as the sun in its apparent 
movement—not counting the full cireles—1.e., 161°55’; and between the second 
and the third eclipse, 138°55’. Now in the first interval there were 1 year 166 
days 2334 equal hours according to apparent time, but by corrected time 235% 
hours; but in the second interval 1 year 137 days 5 hours simply, but 51% hours 
correctly. 

And during the first interval the regular movement of the sun and the moon 
measured as one—not counting the circles—was 169°37’, and there was a move- 
ment of anomaly of 110°21’; in the second interval the similarly regular move- 
ment of the sun and the moon was 137°34’ and there was a movement of anomaly 
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of 81°36’. Therefore it is clear that during the first interval the 110°21’ of the 
epicycle subtract 7°42’ from the mean movement of the moon; and during the 
second interval the 81°36’ of the epicycle add 1°21’. 

With these things thus before us, let there be described the lunar epicycle 


ABC, in which the first eclipse of the moon is at A, the second at B, and the re- 
maining one at C, and in the order as above let the transit of the moon be under- 
stood as occurring westward. And let 
arc AB=110°21’, 
hence 
—add. AB =7°42', 

as we said; and let 

are BC =81°36', 
hence 

+add. BDC =1°21’. 

And, as the remainder of the circle, 

are CA = 168°3’ 
and it adds the remainder of the additosubtraction, 7.e., 

+add. CDA =6°21’. . 

Since on the ecliptic 

arc AB =7°42', 
therefore 

angle ADB =7°42’, 
where 2 rt. angles = 180°. 
But 
angle ADB =15°24’, 
[106>] where 2 rt. angles =360°. 

And, as on the circumference and as an exterior angle of triangle BDE, 
angle AEB=110°21’: 


angle EBD =94°57’. 
But the sides of triangles whose angles are given are themselves 
given: 


therefore 


DE=147,396 


BE = 26,798, 
where diameter of circle circumscribing triangle = 200,000. 
Again, since on the ecliptic 
arc AEC =6°21’, 
angle EDC =6°21’, 
where 2 rt. angles = 180°. 


and 
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But 
angle EDC = 12°42’, 
where 2 rt. angles =360°. 
And 
angle AEC =191°57’. 
And 


angle ECD =angle AEC —angle CDE =179°15’. 
Therefore the sides are given: 


DE = 199,996 
and 

CE=22,120, 

where the diameter of the circle circumscribing triangle = 200,000. 

But 

CE =16,302 
and 

BE =26,798, 


where DE = 147,396. 
Again, since in triangle BEC 
side BE is given, 
side EC is given, 
and 
angle CEB =81°36’ 
and hence 
are BC =81°36’: 
therefore, by the proofs concerning plane triangles, 
side BC = 17,960. 
But since the diameter of the epicycle = 200,000, 
and 
arc BC=81°36’, 
chord BC = 130,684. 
And in accordance with the ratio given 
ED = 1,072,684 
and 
CE = 118,637, 
and 
arc CE =72°46'10”. 
But, by construction, 
arc CEA = 168°3’. 
Therefore, by subtraction, 
arc HA =95°16’50” 
and 
chord EA = 147,786. 
Hence by addition 
line AED = 1,220,470. 

But since segment EA is less than a semicircle, the centre of the epicycle will 
not be in [107*] it but in the remainder ABCE. Therefore let K be the centre, 
and let DM KL be drawn through both apsides, and let L be the highest apsis 
and M the lowest. Now, by Euclid, 111, 36, it is clear that 
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rect. AD, DE=rect. LD, DM. 
Now since LM, the diameter of the circle—to which DM is added in a straight 


line—is bisected at K, then 
rect. LD, DM+sq. KM =sq. DK. 


Therefore ore. 
and on that account, where AL= 100,000; 
LK =8,706 


where DA L= 100,000 
and LK is the radius of the epicycle. Having done that, draw KNO perpendicu- 
lar to AD. Since KD, DE, and EA have their ratios to one another given in the 
parts whereof LK = 100,000, and since 
NE=\ AE=73,893: 


DEN =1,146,577. 


therefore, by addition, 


But in triangle DAN 
side DK is given, 
side ND is given, 


ae angle N =90°; 


on that account, at the centre, 
angle NK D=86°3814’ 


and 
rin Vee 
Hence, are MEO =86°3814’. 
Now arc LAO =180°—are NEO =93°2114’. 
and arc OA=4 arc AOE =47°3814'; 


arc LA=are LAO—arec OA =45°43’, 
which is the distance—or position of anomaly—of the moon from the highest 
apsis of the epicycle at the first eclipse. But 
Bruel = Wal 0-2 Ls, 


arc LB =64°38’, 
which is the anomaly at the second eclipse. And by addition 
arc LBC = 146°14’, 
where the third eclipse falls. Now it will also be clear that since 
angle DEN =86°3814’, 
where 4 rt. angles = 360°, 

angle KDN=90° —angle DEN =3°2114’; 
and that is the additosubtraction which the anomaly adds at the first eclipse. 
Now 


Accordingly, by subtraction, 


angle ADB =7°42’; 
therefore, by subtraction, 

angle LDB =4°20W’, 
which arc LB subtracts from the regular movement of the moon at the second 
eclipse. And since 

[107°] angle BDC =1°21’, 
and therefore, by subtraction, 
angle CDM = 2°49’, 

the subtractive additosubtraction caused by arc LBC at the third eclipse; there- 


REVOLUTIONS OF HEAVENLY SPHERES, IV 689 


fore the mean position of the moon, 7.e., of centre K, at the first eclipse was 
9°53’ of Scorpio, because its apparent position was at 13°15’ of Scorpio; and 
that was the number of degrees of the sun diametrically opposite in Taurus. And 
thus the mean movement of the moon at the second eclipse was at 2914° of 
Aries; and in the third eclipse, at 17°4’ of Virgo. Moreover, the regular distances 
of the moon from the sun were 177°33’ for the first eclipse, 182°47’ for the 
second, 185°20’ for the last. So Ptolemy. 

Following his example, let us now proceed to a third trinity of eclipses of the 
moon, which were painstakingly observed by us. The first was in the year of 
Our Lord 1511, after October 6th had passed. The moon began to be eclipsed 
11% equal hours before midnight, and was completely restored 214 hours after 
midnight, and in this way the middle of the eclipse was at 779 hours after mid- 
night—the morning following being the Nones of October, the 7th. There was a 
total eclipse, while the sun was in 22°25’ of Libra but by regular movement at 
24°13’ of Libra. 

We observed the second eclipse in the year of Our Lord 1522, in the month of 
September, after the lapse of five days. The eclipse was total, and began at 24 
equal hours before midnight, but its midpoint occurred 114 hours after mid- 
night, which the 6th day followed—the 8th day before the Ides of September. 
The sun was in 221° of Virgo but, according to its regular movement, in 23°59’ 
of Virgo. 

We observed the third in the year of Our Lord 1523, at the close of August 
25th. It began 24% hours after midnight, was a total eclipse, and the midtime 
was 4575 hours after the midnight prior to the 7th day before the Kalends of 
September. The sun was in 11°21’ of Virgo but according to its mean movement 
at 13°2’ of Virgo. 

And here it is also manifest that the distance between the true positions of 
the sun and the moon from the first eclipse to the second was 329°47’, [108°] but 
from the second to the third it was 349°9’. Now the time from the first eclipse to 
the second was 10 equal years 337 days 34 hours according to apparent time, but 
by corrected equal time 4% hours. From the second to the third there were 354 
days 3 hours 5 minutes; but according to equal time 3 hours 9 minutes. 

During the first interval the mean movement of the sun and the moon meas- 
ured as one—not counting the complete circles—amounted to 334°47’, and the 
movement of anomaly to 250°36’, subtracting approximately 5° from the regu- 
lar movement; in the second interval the mean movement of the sun and moon 
was 346°10’; and the movement of anomaly was 306°43’, adding 2°59’ to the 
mean movement. ; 

Now let ABC be the epicycle, and let A be the position of the moon at the 
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middle of the first eclipse, B at the second, C at the third. And let the movement 
of the epicyele be understood as proceeding from C to B and from B to A, fe., 
from above, westward, and from below, eastward. And 
are ACB = 260°30’, 
and, as we said, it subtracts 5° from the mean movement during the first interval 
of time. But 
are BAC = 800°’, 
which adds 2°59’ to the mean movement of the moon; and accordingly by sub- 
traction the remainder 
are AC = 197°19", 
which subtracts the remaining 2°)’. But since are AC is greater than a semi- 
cirele and is subtractive, then it must contain the highest apsis. For the highest 
apsis cannot be in ares BA or CBA, which are additive and each less than a 
semicirele; but the lesser movement is placed by the apogee. Therefore let D 
be taken opposite as the centre of the Barth; and let AD, DB, DAC, AB, AB, 
and EB be joined. 
Now since in triangle DBA 
exterior angle CRB = 33°17", 
because angle CAB intercepts are CB, and 
aro CB =360°—are BAC; 
and since, as at the centre, 
angle BDE =2°5’, 
but, as at the circumference, 
angle BDE = 3°58 
and since, therefore, by subtraction, 
angle EBD = 47°19’; 
wherefore 
side BE = 1042 
and 
side DE = S024 
= [{108>) where radius of cirele circumscribing 
the triangle = 10,000, 
Similarly, as standing on are AC of the circumference, 
angle ABC = LOT° 19, 
and, as at the centre, 
angle ADC =2°1', 
but, as on the circumference, 
ahele ADC =4°2’; 
therefore, by subtraction, 
angle DAB = 193° 17", 
where 2 rt. angles = 360°. 
Therefore the sides are also given in the parts whereof the radius of the circle 
circumscribing triangle ADE = 10,000: 
AR=702 
and 
DE = 19,868: 
but whereas 
DE =8,024, 
AR=! 283 
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Therefore, in triangle DFL 
side DF is given, 
side DL is given, 
angle DFL=88°21’, 


angle FDL = 1°39’; 
arc [EM =88°21’ 
are MC =% arc EBC =70°29’; 


and, by subtraction, 
and similarly 

and 

hence, by addition, 
arc IMC =158°50’, 


arc GC =180°—are JMC =21°10’. 
And this was the distance of the moon from the apogee of the epicycle, or the 
position of anomaly at the third eclipse. And at the second eclipse 
arc GCB =74°27’; 


and’ 


and at the first eclipse 
are GBA = 183°51’. 
Again at the third eclipse, and as at the centre, 
angle [DE = 1°39’, 
which is the subtractive additosubtraction. And at the second eclipse 
angle /DB = 4°38’, 
which is still a subtractive addition-and-subtraction, because 
angle JDB=angle GDC+angle CDB = 1°39’ + 2°59’. 
And accordingly 
angle ADJ =angle ADB—angle [DB =5° — 4°38’ = 22’ 
which are added to the regular movement at the first eclipse. 

For that reason the position of regular movement of the moon in the first 
eclipse was 22°3’ of Aries, but the position of the apparent movement was at 
22°25’; and the sun was opposite, at the same number of degrees of Libra. In 
this way too the mean position of the moon in the second eclipse was at 26°50’ 
of Pisces, but in the third eclipse, at 13° of Pisces, and the mean Junar movement 
by which it is separated from the annual movement of the Earth, was 177°50’ 
at the first eclipse; at the second eclipse, 182°51’; and at the third eclipse, 
179°58’. 


6. CONFIRMATION OF WHaT Has BEEN Set Out CoNnCcERNING 
THE Moon’s MovEMENTS OF ANOMALY IN LONGITUDE 


Moreover, by means of these things which are set out concerning the eclipses 
of the moon, it will be possible to test whether we have set out the regular move- 
ments of the moon correctly. For it was shown that in the second of the two 
eclipses the distance of the moon from the sun was 182°47’, and [the movement] 
of anomaly was 64°38’; [109°] but in the second of those eclipses occurring in 
our time the movement of the moon away from the sun was 182°51’ but [the 
movement] of anomaly was 74°27’. It is clear that in the intervening time there 
were 17,166 full months and as it were a movement of 4’ and a movement of 
anomaly—not counting the whole cycles—of 9°49’. Now the time which inter- 
venes between the 19th year of Hadrian on the 2nd day of the Egyptian month 
Chiach 2 hours before midnight, followed by the 3rd day of the month, and the 
1522nd year of Our Lord on September 5th, 144 hours after midnight amounts 
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to 1388 Eguptian years 302 days 314 hours by apparent time; and when cor- 
rected, 3 hours 34 minutes after midnight. 

And in that time after the 17,165 complete revolutions of equal months there 
was according to Ptolemy and Hipparchus a movement away from the sun of 
359°38’. And according to Hipparchus the movement of anomaly was 9°39’, but 
according to Ptolemy 9°11’. Accordingly the lunar movement away from the 
sun calculated by Hipparchus and Ptolemy is deficient in 26’, and the move- 
ment of anomaly of Ptolemy and of Hipparchus is deficient in 38’. These min- 
utes swell our movements, and are consonant with the numbers which we have 
set out. 


7. ON THE POSITIONS OF THE MOON IN LONGITUDE AND ANOMALY 


Now we shall speak of these things, as above; and here we are to determine 
positions for the established beginnings of calendar years of the Olympiads, of 
the years of Alexander, Caesar, and Our Lord, and any additional one desired. 
Therefore if we consider the second of the three ancient eclipses—the one which 
occurred in the 19th year of Hadrian, on the 2nd day of the Egyptian month 
Chiach, one equatorial hour before midnight at Alexandria but for us under the 
Cracow meridian at 2 hours before midnight—we shall find from the beginning 
of the years of Our Lord to this movement 133 Egyptian years 325 days 22 hours 
simply, but 21 hours 37 minutes correctly. During this time the movement of 
the moon according to our calculation was 332°49’ and [the movement] of anom- 
aly was 217°32’. [110?] And when they have been subtracted from the findings 
for the eclipse, each from its own kind, there remain 209°58’ as the mean posi- 
tion of the moon away from the sun, and a position of anomaly of 207°7’ at the 
beginning of the years of Our Lord at midnight before the Kalends of January. 

Again [from the lst Olympiad] to the beginning of the years of Our Lord, 
there are 193 Olympiads 2 years 19414 days, which make 775 Egyptian years 
1214 days, but by corrected time 12 hours 11 minutes. Similarly from the death 
of Alexander to the birth of Christ, they compute 323 Egyptian years 13014 
days by apparent time, but by corrected time 12 hours 16 minutes. And from 
Caesar to Christ there are 45 Egyptian years 12 days, in which the ratios of 
equal and apparent time agree. 

Accordingly when we have deducted the movements corresponding to the in- 
tervals of time from the positions at the birth of Christ, by subtracting single 
items from single items, we shall have for noon of the Ist day of the month 
Hekatombaion of the 1st Olympiad a regular lunar distance from the sun of 
39°43’ and a distance of anomaly of 46°20’. 

At the beginning of the years of Alexander at noon on the first day of the 
month Thoth the moon was 310°44’ distant from the sun, and the movement of 
anomaly was 85°41’. 

And at the beginning of the years of Julius Caesar at midnight before the 
Kalends of January the moon was 350°39’ distant from the sun, and the move- 
ment of anomaly was 17°58’. All this with reference to the Cracow meridian, 
since Gynopolis—commonly called Frauenburg—where we took our observa- 
tions at the mouth of the Vistula, lies under this meridian, as the eclipses of the 
sun and moon observed in both places at the same time teach us; and Dyrrha- 
chium in Macedonia—which was called Epidamnum in antiquity—is also under 
this meridian. 
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8. ON THE SECOND IRREGULARITY OF THE Moon AND WHAT 
Ratio THE First EpicycLtE Has To THE SECOND 


Accordingly, in this way the regular movement of the moon together with its 
first irregularity has been demonstrated. Now we must inquire into what ratio 
the first epicycle has to the second and both of them to the distance of the centre 
of the Earth. But, as we said, the greatest difference [between regular and ap- 
parent movement] is found in the mean quadratures when the half moon is 
waxing or waning, and that difference is 724°, [110°] as even the observations of 
the ancients record. For they were making observations of the time in which the 
half moon had nearly reached the mean distance of the epicycle and was in the 
neighbourhood of the tangent from the centre of the Earth—and that is easily 
perceptible by means of the calculus set forth above. And as the moon was then 
at about 90° of the ecliptic measured from its rising or setting, they were aware 
of the error which the parallax could bring into the movement of longitude. For 
at that time the circle through the vertex of the horizon divides the ecliptic at 
right angles and does not admit any parallax in longitude but the parallax falls 
wholly in latitude. Then by means of the astrolabe they determined the position 
of the moon in relation to the sun. When they made their comparison, the moon 
was found to differ from its regular movement by 724°, as we said, instead of 
by 5°. 

Now let epicycle AB be described; and let its centre be C. Let the centre of 
the Earth be D, and from D let the straight line DBCA be extended. Let A 
be the apogee of the epicycle, B the perigee; and let DE be drawn tangent to 


the epicycle, and let CE be joined. Accordingly since the greatest additosub- 
traction is at the tangent and in this case is 7°40’, and hence 
angle BDE =7°40’, 
and 
angle CED=90°, 
as being at the point of tangency of circle AB: 
wherefore 
CE = 1334, 
where radius CD = 10,000. 
But at the full moon it was much shorter, that is, 
CE = 860. 
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Let CE be sut again, and let 
CF =860. 
Point F, which the new moon and the full moon occupy, will be circumcurrent 
around the same centre; and accordingly, by subtraction, 
FE=474 
and is the diameter of the second epicycle. Let FE be bisected at centre G, and 
by addition 
CFG = 1097 
and will be the radius of the circle which the centre of the second epicycle de- 
scribes. And so it is established that 
Ce Cr oT: 2 
‘ where CD = 10,000. 


9. ON THE REMAINING DIFFERENCE, BY REASON OF WHICH THE Moon SEEMS 
To Move IRREGULARLY AWAY FROM THE HiGcHEstT Apsis OF ITs EpiIcycLE 


{1115] By this induction it is given to understand how the moon is moved 
irregularly in its first epicycle, and that its greatest difference occurs when the 


half moon is horn-shaped or gibbous. Once more, let AB be that first epicycle, 
which the centre of the second epicycle describes through its mean movement; 
let C be the centre, A the highest apsis, and B the lowest. Let point E be taken 
anywhere in the circumference, and let CE be joined. Now let 
CE : EF=1097 : 237. 

And with radius EF let the second epicycle be described around centre FE. And 
let the straight lines CZ and CM be drawn tangent to it on both sides. Let the 
movement of the small epicycle be from A to E, 7.e., from above, westward; and 
let the movement of the moon be from F to L, still westward. Accordingly it is 
clear that, since movement AF is regular, the second epicycle by virtue of its 
motion FL adds are EL to the regular movement and by virtue of MF subtracts 
from the regular movement. But since in triangle CEL 


angle L=90°, 
and 
ile aes, 
where CE = 1,097. 
Therefore 


#L=2,160, 
where CE = 10,000. 
And by the table 
EL=¥ ch. 2 ECL. 
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And 
angle HCL=angle MCF, 

since the triangles are similar and equal. And that is the greatest difference by 
which the moon varies in its movement from the highest apsis of the first epi- 
cycle. It occurs when the moon by its mean movement is 38°46’ distant on either 
side of the line of mean movement of the Earth. And so it is perfectly clear that 
these greatest additosubtractions occur at a mean distance of 38°46’ between 
the sun and moon, and at the same distance on either side of the mean opposi- 
tion. 


10. How THE APPARENT MOVEMENT OF THE Moon Is DEMONSTRATED 
FROM THE REGULAR MOVEMENTS 


[111>] Having seen all that first, we now wish to show by means of diagrams 
how the regular and apparent movements of the moon are separated out from 
those regular lunar movements which were set before us, taking our example 
from among the observations of Hipparchus, so that in this way our teaching 
may at the same time be confirmed experimentally. Accordingly in the 197th 
year from the death of Alexander, on the 17th day of Pauni, which is the 10th 
month in the Egyptian calendar, when 914 hours of the day had passed at 
Rhodes, Hipparchus by an observation of the sun and moon through an astro- 
labe found that they were 48°6’ distant from one another, and that the moon 
was to the east of the sun. And since he judged that the position of the sun was in 
109%{9° of Cancer, as a consequence the moon was at 29° of Leo. At that time 
29° of Scorpio was rising, and 10° of Virgo was in the middle of the heavens over 
Rhodes, which has an elevation of the north pole of 36°. By this argument it is 
clear that the moon, which was situated at 90° of the ecliptic from the meridian 
had at that time admitted no parallax in vision or else one imperceptible in 
longitude. But since this observation was made 314 hours after midday of the 
17th—which corresponds at Rhodes to four equatorial hours—at Cracow it was 
31% equatorial hours after midday in accordance with the distance which makes 
Rhodes a sixth of an hour nearer to us than Alexandria. Accordingly from the 
death of Alexander there were 196 years, 286 days, 31% hours simply, but 3144 
hours by equal time. At that time the sun by its mean movement had arrived 
at 12°3’ of Cancer, but by its apparent movement at 10°40’ of Cancer, whence 
the moon appeared in truth to be at 28°37’ of Leo. But the regular movement 
of the moon according to the monthly revolution was at 45°9’, and the move- 
ment of anomaly was 333° away from the highest apsis by our calculations. 

With this example before us let us describe the first epicycle AB. Let C be its 
centre. [1127] Let ACB be its diameter, and let ACB be extended as ABD in a 
straight line to the centre of the Earth. And in the epicycle, let 
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ar@i ABE = 3335. 
Let CE be joined and again cut in F, so that 
EF =237; 
where EC = 1,097. 
And with E as centre and EF as radius, let FG the epicycle of the epicycle be 
described. Let the moon be at point G; and let 
are FG=90°18’, 
in the ratio of double to the regular movement away from the sun, which was 
45°9’. And let CG, EG, and DG be joined. Accordingly, since in triangle CEG 
two sides are given: 
CE =1,097 
and 
HEGS3E8F = 287) 
and 
angle GEC = 90°18’; 
therefore, by what we have shown concerning plane triangles 
side CG =1,123 
and 
angle ECG =12°11’. 
By this means there are determined arc EJ and the additive additosubtraction 
caused by the anomaly; and, by addition, 
arc ABET =345°11’. 
And, by subtraction, 
angle GCA = 14°49’, 
and is the true distance of the moon from the highest apsis of epicycle AB; and 
angle BCG=165°11’. 
Wherefore in triangle GDC two sides are given also. 
GC = 1,123, 
where C'D = 10,000; 
and 
angle GCD=165°11’. 
Hence 
angle CDG = 1°29’, 
the additosubtraction which was added to the mean movement of the moon. 
Hence the true distance of the moon from the mean movement of the sun is 
46°34’, and its apparent position is at 28°37’ of Leo, and is 47°57’ distant from 
the true position of the sun. And there is a deficiency of 9’ according to Hip- 
parchus’ observation. 

But in order that no one on that account should suspect that either his in- 
vestigation or ours is wrong—though the deficiency is very slight—neverthe- 
less I shall show that neither he nor we committed any error but that this is 
the way things rightly are. For if we recollect that the lunar circle which the 
moon itself follows is oblique, we will admit that it produces some sort of 
longitudinal irregularity in the ecliptic, especially around the mean positions, 
which lie between the northern and the southern limits of latitude and the 
ecliptic sections, in approximately the same way as between the oblique [112] 
ecliptic and the equator, as we expounded in connection with the inequality 
of the natural day. And so if we transfer the ratios to the orbital circle of the 
moon, which Ptolemy recorded as being inclined to the ecliptic, we find that 
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at those positions the ratios cause a 7’ difference in longitude in relation to 
the ecliptic—and twice that difference is 14’; and the difference increases and 
decreases proportionally, since when the sun and moon are a quadrant of a 
circle distant from one another, and if the limit of northern or southern latitude 
is at the midpoint between them, then the arc intercepted on the ecliptic will 
be 14’ greater than a quadrant of the lunar circle; and conversely in the other 
quadrants, which the ecliptic sections halve, the circles through the poles 
of the ecliptic intercept an arc that much less than a quadrant. So in the 
present case. Since the moon was in the neighbourhood of the mean position 
between the southern limit of latitude and the ascending ecliptic section— 
which the moderns call the head of the Dragon—and the sun had already 
passed by the other descending section—which they call the tail; it is not 
surprising if when the moon’s distance of 47°57’ in its own orbital circle was 
referred to the ecliptic, it increased by at least 7’, without the fact of the sun 
declining in the west causing any subtractive parallax of vision. We shall 
speak more clearly of all that in our explanation of the parallaxes. 

And so the distance of the luminaries, which Hipparchus determined by 
his instrument as being 48°6’, agrees with our calculation perfectly and as it 
were unanimously. 


11. ON THE TABLE OF THE LUNAR ADDITIONS-AND-SUBTRACTIONS 
oR Aeguationes 


Accordingly, I judge that the mode of determining the motions of the moon 
is understood generally from this example, since in triangle CEG, the two 
sides GE and CE always remain the same. But we determine the remaining 
side GC together with angle ECG—which is the additosubtraction to be used 


in correcting the anomaly—according to angle GEC which changes continually 
but which is given. Then in triangle CDG, since the two sides DC and GC 
together with angle DCG have been computed, in the same way angle D at 
the centre of the Earth, the angular difference between the true and the 
regular movement, becomes established. 

So that these things may be at hand, [113+] we shall set out a table of the 
additosubtractions, which will contain six columns. For after the two columns 
of common numbers of the circle, in the third column will come the additosub- 
tractions which are caused by the small epicycle and vary the regular move- 
ment of the first epicycle in accordance with the bi-monthly revolution. Then, 
we shall leave the fourth column vacant for the time being, and fill up the 
fifth column first, in which we shall inscribe the additosubtractions caused 
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by the first and greater epicycle which occur at the mean conjunctions and 
oppositions of the sun and moon, and the greatest is 4°56’. In the next to the 
last column will be placed the numbers whereby the additosubtractions which 
occur at half moon exceed the former additosubtractions, and the greatest 
of these excesses is 2°44’. But in order that the other excesses may be evalu- 
ated, the proportional minutes have been worked out, and this is the ratio 
of them. For we have taken 2°44’ as 60 minutes in relation to any other ex- 
cesses occurring at the point of tangency of the [small] epicycle [with the line 
from the centre of the Earth]. 

In this way, in the same example, 

CG =1123, 
where CD = 10,000. ‘ 
And that makes the greatest additosubtraction at the point of tangency of 
the [small] epicycle [with the line from the centre of the Earth] to be 6°29’, 
which exceeds the first additosubtraction by 1°33’. But 
2°44’ 61°33" =60" : 34’; 

and so we have the ratio of the excess which occurs at the semicircle of the 
small epicycle to the excess corresponding to the given arc of 90°18’. Therefore 
we shall write down 34 minutes in that part of the table corresponding to 90°. 
In this way we shall find the minutes which are proportional to the arcs in- 
scribed in the table; and we shall set them out in the fourth column. 

Finally we have added the degrees of northern and southern latitude in the 
last column, and we shall speak of them below. For convenience and ease of 
operation advise us to put them in this order. 
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Common 
Numbers 
Deg. Deg. 
3 357 
6 354 
9 351 
12 348 
15 345 
18 342 
21 339 
24 336 
27 333 
30 330 
33 327 
36 324 
39 321 
42 318 
45 315 
48 312 
51 309 
54 306 
57 303 
60 300 
63 297 
66 294 
69 291 
v2 288 
75 285 
78 282 
81 279 
84 276 
87 273 
90 270 
93 267 
96 264 
99 261 
102 258 
105 255 
108 252 
ie 249 
114 246 
rigles 243 
120 240 
123 237 
126 234 
129 231 
132 228 
135 225 
138 222 
141 219 
144 216 
147 213 
150 210 
153 207 
156 204 
159 201 
162 198 
165 195 
168 192 
171 189 
174 186 
ie 183 
180 180 


Additions-and- 


subtractions 
caused by 
small epicycle 
Deg. Min. 
0 51 
1 40 
2 28 
3 15 
4 i 
4 47 
5 31 
6 13 
6 54 
7 34 
8 10 
8 44 
9 16 
9 47 
10 14 
10 30 
11 0 
11 21 
11 38 
11 50 
12 2 
12 We 
i 18 
12 23 
12 27 
12 28 
12 26 
12 23 
12 i 
12 12 
12 3 
Nl 53 
ll 41 
nal 27 
11 10 
10 52 
10 35 
10 17 
9 57 
9 35 
9 13 
8 50 
8 25 
ib 59 
7 33 
7 7 
6 38 
6 9 
5 40 
5 nal 
4 42 
4 il 
3 4l 
3 10 
y2 39 
2 ? 
al 36 
1 4 
0 32 
0 0 
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Proportional 
Minutes 


ONoanrhrwwnreH OG 


Additions-and- 


subtractions 
caused by 
great epicycle 


Deg. 


COCORP KR RE NH NNNHWHWWHWAPPDAARAPABRAHAAL ALAA AR AAA RARWWWWWWNNNNNE HEHEHE OOOO 


Min. 


Excesses 


Deg. 


DODO OOKBP RBH He HRP HEN NNNNNNNNNNNYNNHNNNYNNNNNNNNNNN NEESER Re ee RB OOOOCOOO 


Min. 


7 
14 
21 
28 
35 
43 
50 
56 

4 
12 
18 
25 
30 
37 
42 
48 
52 


Degrees of 
Northern 
Latitude 


Deg. 


APP AKRARAABRABRAROWOWWWWNNNNNEK RRP HR ODODODCOORPERP REE NNNNHNWWAWWHWHKh EPH HEPES SD 


Min 


59 
58 
56 
53 
50 
45 
40 
34 
27 
20 
12 

3 
53 
43 
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12. ON THE COMPUTATION OF THE COURSE OF THE Moon 


[114>] Accordingly the method of computing the apparent movement of the 
moon is clear from what has been shown and is as follows. We shall reduce to 
equal time the time for which we are seeking the position of the moon proposed 
to us. By means of the time we shall deduce the mean movements of longitude, 
anomaly, and latitude—which last we shall also define soon—as we did in the case 
of the sun, from the given beginning of the years of Our Lord, or from some 
other beginning, and we shall declare the positions of the single movements at 
the time set before us. Then we shall seek in the table twice the regular longi- 
tude of the moon or twice its angular distance from the sun and! the correspond- 
ing additosubtraction found in the third column; and we shall note the pro- 
portional minutes which are in the next column. Accordingly if the number with 
which we entered upon the table was found in the first column or is less than 
180°, we shall add the additosubtraction to the lunar anomaly; but if it is 
greater than 180° or is in the second column, the additosubtraction will be sub- 
tracted from the anomaly; and we shall have the corrected anomaly of the moon 
and its true angular distance from the highest apsis. 

And entering the table again with this [distance] we shall determine the corre- 
sponding additosubtraction in the fifth column and the excess which follows in 
the sixth column, which the second [the small] epicycle adds [to the additosub- 
traction], over and above the first epicycle. The proportional part of this excess 
taken in accordance with the ratio of the 60 minutes is always added to this ad- 
ditosubtraction. The sum is subtracted from the mean movement of longitude 
or latitude, if the corrected anomaly is less than 180° or a semicircle; and it is 
added, if the anomaly is greater. And in this way we shall have the true distance 
of the moon from the mean position of the sun and the corrected movement of 
latitude. Wherefore the true position of the moon will not be unknown, either its 
distance from the first star of Aries in the case of the simple movement of the 
sun or its distance from the spring equinox in the case of the composite move- 
ment or the addition of the precession. Finally by means of the corrected move- 
ment in latitude we shall have in the seventh and last place of the table the 
degrees of latitude which measure the distance of the moon from the ecliptic. 
That latitude will be northern at the time when the movement of latitude is 
found in the first part of the table, [1157] 7.e., if it is less than 90° or greater than 
270°; otherwise it will be following a southern latitude. And so the moon will be 
coming down from the north to 180°, and afterwards it will be going up from 
the southern limit, until it has completed the remaining parts of the circle. Thus 
the apparent course of the moon has somehow as many affairs around the centre 
of the Earth as the Earth has around the sun. 


13. How THE Movement or LuNAR LATITUDE Is EXAMINED 
AND DEMONSTRATED 


Now too we must give the ratio of the lunar movement in latitude, and it 
seems more difficult to discover, as it is complicated by more attendant cir- 
cumstances. For, as we said before, if two eclipses of the moon were similar and 
equal in all respects, t.e., with the parts eclipsed having the same position to 


1Because the moon traverses the small epicycle twice during one synodic month, the time 
of one revolution with respect to the sun. | 
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the north or to the south and at the same ascending or descending ecliptic sec- 
tion: its distance from the Earth or from the highest apsis would be equal, 
since in this harmony the moon is understood to have completed its whole 
circles of latitude by true movement. For since the shadow of the Earth is 
conoid, and if a right cone is cut in a plane parallel with the base, the section is a 
circle which is smaller the greater the distance from the base and greater the 
shorter the distance from the base, and similarly equal at an equal distance. 
And so the moon at equal distances from the Earth traverses equal circles of 
shadow and presents to our vision equal disks of itself. Hence the moon, stand- 
ing out with equal parts in the same direction according to an equal distance 
from the centre of the shadow makes us certain of equal latitudes, from which it 
necessarily follows that the moon has returned to its former position in latitude 
and is now distant from the same ecliptic node by an equal interval. But that 
is especially true if the position fulfils two of those conditions. For its approach 
to the Earth or withdrawal from it changes the total magnitude of the shadow, 
[115°] but so slightly that it can hardly be grasped. Accordingly the greater the 
interval of time between both eclipses, the more definite can we have the move- 
ment in latitude of the moon, as was said in the case of the sun. 

But since you rarely find two eclipses agreeing in these conditions—and up 
to now none have come our way—nevertheless we note there is another method 
which will give us the same result, since—the other conditions remaining—if 
the moon is eclipsed in different directions and at opposite sections, then it will 
signify that at the second eclipse the moon has arrived at a position diametrically 
opposite to the former and in addition to the whole circles has described a semi- 
circle; and that will seem to be satisfactory for investigating the thing. 

Accordingly we have found two eclipses fairly close in these respects: the 
first in the 7th year of Ptolemy Philometor, which was the 150th year of Alex- 
ander when—as Claud says—27 days of Phamenoth the 7th month of the 
Egyptians had passed, in the night which the 28th day followed. And the moon 
was eclipsed from the beginning of the 8th hour till the end of the 10th hour in 
Alexandrian nocturnal seasonal hours, to the extent of seven-twelfths of the 
lunar diameter, and it was eclipsed from the north around a descending section. 
Therefore the midtime of the eclipse was, he says, 2 seasonal hours after mid- 
night, which make 214 equatorial hours, since the sun was at 6° of Taurus, but 
114 hours after midnight at Cracow. 

We have taken the second eclipse beneath the same Cracow meridian in the 
year of Our Lord 1519, after the 4th day before the Nones of June, when the sun 
was at 21° of Gemini. The midtime of the eclipse was 113 equatorial hours after 
midday; and the moon was eclipsed for approximately eight-twelfths of its di- 
ameter, from the south, at an ascending section. 

Accordingly, from the beginning of the years of Alexander [to the first eclipse] 
there are 149 Egyptian years 206 days 1414 hours at Alexandria, but at Cracow 
1314 hours according to apparent time, but 1314 upon correction. At that time 
the position of anomaly by our calculation, which agreed approximately with 
Ptolemy’s, was at 163°33’ of regular movement; and there was a subtractive 
additosubtraction of 1°23’, by which the true position of the moon was exceeded 
by the regular. But from the established beginning of the years of Alexander to 
the second eclipse [116*] there are 1832 Egyptian years 295 days 11 hours 45 
minutes by apparent time, but by equal time 11 hours 55 minutes: whence the 
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regular movement of the moon was 182°18’. The position of anomaly was 
159°55’, but as corrected it was 161°13’; and the additive additosubtraction, by 
which the regular movement was exceeded by the apparent, was 1°44’. 

Accordingly it is clear that in both eclipses the distance of the moon from the 
Earth was equal, and the sun was approximately at the apogee in both cases, 
but there was a difference of one-twelfth in the eclipses. But since the diameter 
of the moon usually occupies approximately 14°, as we will show afterwards, its 
twelfth part will be 214’, which corresponds to approximately 14° in the oblique 
circle of the moon at the ecliptic sections. And so the moon was 14° farther away 
from the ascending section at the second eclipse than from the descending sec- 
tion at the first eclipse. Hence it is clear that the true movement in latitude of 
the moon was 179)4° after the complete revolutions. But the lunar anomaly 
between the first and second eclipse adds 21’—which is the difference between 
the additosubtractions—to the regular [movement]. Accordingly we shall have 
a regular lunar movement in latitude of 179°51’ after the full circles. Now the 
time between the two eclipses was 1683 years 88 days 22 hours 35 minutes by 
apparent time, which agreed with the equal [time]. During that time there were 
40,577 complete equal revolutions and 179°51’, which agree with the numbers 
which we have already set down. 


14. On THE Positions or LUNAR ANOMALY IN LATITUDE 


However, in order to determine the positions of the moon’s movement in re- 
lation to the established beginnings of calendar years, we have here also assumed 
two lunar eclipses, not at the same section and not at diametrically opposite 
parts, as in the foregoing, but at equal distances north or south, and fulfilling 
all the other requirements, [116°] as we said, in accordance with Ptolemy’s rule, 
and in this way we shall solve our problem without any error. 

Accordingly, the first eclipse, which we have already used in investigating 
other movements of the moon, is the one which we said was observed by Claud 
Ptolemy in the 19th year of Hadrian when two days of the month Chiach had 
passed, one equatorial hour before midnight at Alexandria, but at Cracow two 
hours before midnight, which the third day followed. The moon was eclipsed at 
the midpoint of the eclipse to the extent of ten-twelfths of the diameter, 7.e., 
ten-twelfths from the north, while the sun was at 25°10’ of Libra, and the posi- 
tion of lunar anomaly was 64°38’ and its subtractive additosubtraction was 
4°20’ around the descending section. 

We made careful observations of the other eclipse at Rome, in the year of 
Our Lord 1500, after the Nones of November, 2 hours after midnight, and it was 
the 8th daybreak before the Ides of November. But at Cracow which is 5° to 
the east, it was 224 hours after midnight, while the sun was at 23°16’ of Scorpio; 
and once more there was a ten-twelfths eclipse from the north. 

Therefore, since the death of Alexander there have passed 1824 Egyptian 
years 84 days 14 hours 20 minutes by apparent time, but by equal time 14 hours 
16 minutes. Accordingly the mean movement of the moon was 174°14’, and the 
lunar anomaly was 294°44’, but as corrected it was 291°35’; and there was an 
additive additosubtraction of 4°27’. 

Accordingly it is clear that at both these eclipses the distances of the moon 
from the highest apsis was approximately equal, and at both times the sun was 
at its mean apsis, and the magnitude of the shadows was equal. All that makes 
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clear that the latitude of the moon was southern and equal; and hence that the 

moon was at an equal distance from the sections but was ascending at the second 

eclipse and descending at the first. Accordingly between both eclipses there are 

1366 Egyptian years 358 days 4 hours 20 minutes by apparent time, but by 

equal time 4 hours 24 minutes, wherein the movement in latitude was 159°55’. 
Now let ABCD be the oblique circle of the moon; and let AB be its diameter 

and common section with the ecliptic. Let C be the 

northern limit, and D the southern; [1174] A the ecliptic Cc 

section descending, and B the ecliptic section ascending. 

Now let there be taken AF and BE two equal arcs in 

the south, according as the first eclipse was at point F 

and the second at EH. And again let FK be the subtrac- a i 

tive additosubtraction at the first eclipse, and EL the 


additive additosubtraction at the second. Accordingly, ; 
since 5 
are KL=159°55’ 

and 

arc FK =4°20’ 
and 

arc BL =4°27'; 

arc FKLE=arcs FK+KL+LE=168°42’. 
And 
180° — 168°42’ = 11°18’. 

Now 


arc AF=are BE =14(11°18’) =5°39’, 
which is the true distance of the moon from section AB, and on that account 
arc AF K =9°59’. 
Hence it is clear that K the mean position in latitude is 99°59’ away from the 
northern limit. 

From the death of Alexander to this position and time of Ptolemy’s ob- 
servation there are 457 Egyptian years 91 days 10 hours by apparent time, 
but by equal time 9 hours 54 minutes, during which the mean movement in 
latitude is 50°59’. And when 50°59’ is subtracted from 99°59’, there remain 
49° for noon on the first day of Thoth the first month by the Egyptian cal- 
endar at the beginning of the years of Alexander but on the Cracow meridian. 
Hence for each of the other beginnings there are given in accordance with the 
differences of time the positions of the course of the moon in latitude as taken 
in relation to the northern limit, from which we measure the movement. 

Now from the first Olympiad to the death of Alexander there are 451 Egyp- 
tian years 247 days—from which in accordance with equality of time 7 minutes 
of an hour are subtracted—and during that time the progress in latitude was 
136°57’. Again from the first Olympiad to Caesar there are 780 Egyptian 
years 12 hours, but 10 minutes of an hour are added to the equal time; and 
during that time the movement is 206°53’. Then come 45 years 12 days up to 
Christ. Accordingly if 136°57’ are subtracted from 49° plus the 360° of the 
circle, there remain 272°3’ for noon of the first day of the month Hekatombaion 
of the first Olympiad. 

Now if 206°53’ are added to 272°3’, the sum will be 118°56’ for midnight 
before the Kalends of January [117°] at the beginning of the Julian years. 
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Finally, with the addition of 10°49’ the sum becomes 129°45’ as the position 
[at the beginning of the years] of Our Lord similarly at midnight before the 
Kalends of January. 


15. CONSTRUCTION OF THE INSTRUMENT FOR OBSERVING PARALLAXES 


But chance and the hindrance of the lunar parallaxes did not grant to us, 
as it had to Ptolemy, the occasion of discovering experimentally that the 
greatest latitude of the moon—in accordance with the angle of section of its 
orbital circle and the ecliptic—is 5°, whereof the circle is 360°. For he was 
watching at Alexandria—which has 30°58’ as the elevation of the north pole— 
until the moon should come most near to the vertex of the horizon, namely 
when it was at the beginning of Cancer and at the northern limit, which can 
be foreknown by means of calculations. Therefore at that time by means of 
an instrument which he called the parallacticon and which was constructed 
for measuring the parallaxes of the moon, he found that the least distance 
was only 214° from the vertex, and if any parallax had occurred at this dis- 
tance it would necessarily have been very slight in such a small spatial interval. 
Accordingly by the subtraction of 214° from 30°58’! the remainder is 28°5014’, 
which exceeds the greatest obliquity of the ecliptic—which at that time was 
23°51'20”—by approximately 5°; and this latitude for the moon is found to 
agree in every respect with the other particulars. 

But the instrument for observing parallaxes consists of three straight- 
edges. Two of them are of equal length and are at least eight or nine feet long; 
the third is somewhat longer. The latter and one of the former two are joined 
to both extremities of the remaining straight-edge, by carefully making holes 
and fitting cylinders or pivots into them in such a way that while the straight- 
edges are movable in a plane surface they do not wobble at all at the joints. 
Now in the longer straight-edge a straight line should be drawn from the 
centre of its place of joining through its total length, and the line is made 
equal to the distance between the places of joining [on the other straight-edge] 
measured as accurately as possible. This line is divided into 1,000 equal parts— 
or into more, if that can be done; and the division of the remainder should be 
carried on [118*] in the same unit parts, until it reaches 1414 parts, which 
subtend the side of a square that may be inscribed in a circle whose radius has 
1,000 parts. It will be all right to cut off as superfluous the remainder of the 
straight-edge over and above this. In the other ruler too, there should be 
drawn from the centre of the joining-place a line equal to those 1,000 parts 
or to the distance between the centres of the two joining-places; the ruler 
should have eyepieces fastened to it on one side, as in a dioptra, which sight 
may have passage through. The eyepieces should be so adjusted that the 
sight-passages do not at all swerve away from the line already drawn the 
length of the straight-edge, but keep at an equal distance; and provided also 
that the line as extended from its terminus to the longer ruler can touch the 
divided line. And in this way by means of the rulers an isosceles triangle is 
made, the base of which will be along the parts of the divided line. Then a 
pole, which has been divided crosswise in the best manner and well smoothed, 
should be erected on a firm base. The ruler which has the two joining-places 


1The elevation of the north pole above the horizon is equal to the declination of the vertex 
of the horizon from the equator. 
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should be affixed to this pole by means of pivots, around which the instrument 
may swing, like a swinging door, but in such a way that the straight line 
through the centres of the joining-places will always correspond to the plumb- 
line of the ruler and point towards the vertex of the horizon, as if its axis. 
Accordingly when a person who wishes to find the distance of some star from 
the vertex of the horizon has the star itself in full view along a straight line 
through the eyepieces, then by the application underneath of the ruler with 
the divided line, he should learn how many unit parts—whereof the diameter 
of the circle has 20,000—subtend the angle between the line of vision and the 
axis of the horizon; and by means of the table he will get the sought arc of the 
great circle passing through the star and the vertex of the horizon. 


16. How THE PARALLAXES OF THE Moon ARE DETERMINED 


By means of this instrument, as we said, Ptolemy found the greatest latitude 
of the moon to be 5°. Next he turned to observing the parallax and said he dis- 
covered that at Alexandria its was 1°7’, while the sun was at 5°28’ of Libra and 
the mean movement of the moon away from:the sun was 78°13’, the regular 
anomaly was 262°20’; the movement in latitude was 354°40’; the additive ad- 
ditosubtraction was 7°26’; [118] and accordingly the position of the moon was 
at 3°9’ of Capricorn. The corrected movement in latitude was 2°6’; the northern 
latitude of the moon was 4°59’; its declination from the equator was 23°49’; and 
the latitude of Alexandria was 30°58’. The moon, he says, as seen through the 
instrument, was approximately in the meridian circle at 50°45’ from the vertex 
of the horizon, 2.e., 1°7’ more than the computation demanded. Hence by the 
rule of the ancients concerning the eccentric circle and the epicycle, he shows 
that the distance of the moon from the centre of the Earth was then 39°45’ 
whereof the radius of the Earth is 1”; and what next follows from the ratio of 
the circles, namely that the greatest distance of the moon from the Earth— 
which they say occurs at a new and at a full moon in the apogee of the epicycle— 
is 64°10’, but the least distance—at the quadratures and at the half moon in the 
perigee of the epicycle—is only 33°33’. Hence he even evaluated the parallaxes, 
which occur at about 90° from the vertex [of the horizon]: the least at 53’34”, 
and the greatest at 1°43’—as it is possible to see in a broad outline what he 
built up concerning them. But now it is perfectly obvious to those wishing to 
consider the question that these things are far otherwise, as we have found out 
experimentally very often. 

However, we shall review two observations, by which it is again made clear 
that our hypotheses as to the moon have more certitude than his, because they 
are found to agree better with the appearances and to leave nothing in doubt. 
In the 1522nd year since the birth of Christ, on the 5th day before the Kalends 
of October, after the passage of 524 equal hours since midday, at about sunset 
at Frauenburg we found by means of the parallactic instrument that the centre 
of the moon, which was in the meridian circle, was 82°50’ distant from the 
vertex of the horizon. Accordingly from the beginning of the years of Our Lord 
to this hour there were 1522 Egyptian years 284 days 1724 hours by apparent 
time but by equal time 17 hours 24 minutes. Wherefore the apparent position 
of the sun was by calculation at 13°29’ of Libra and the regular movement of 
the moon away from the sun [119*] was 87°6’; the regular anomaly was 357°39’ ; 
but the true [the corrected] anomaly was 358°40’, and it added 7’; and thus the 
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true position of the moon was at 12°32’ of Aries. The mean movement in lati- 
tude was 197°1’ from the northern limit, the true was 197°8’; the southern lati- 
tude of the moon was 4°47’; the moon had a declination of 27°41’ from the equa- 
tor; the latitude of the place of our observation was 54°19’, and the addition of 
54°19’ to the lunar declination makes the true distance of the moon from the 
pole of the horizon to be 82°. Accordingly the 50’ not accounted for belong to 
the parallax, which by Ptolemy’s teaching should be 1°17’. 

Once more we made another observation at the same place in the 1524th year 
of Our Lord on the 7th day before the Ides of August 6 hours after midday; and 
we saw through the same instrument the moon ar 82° from the vertex of the 
horizon. Accordingly from the beginning of the years of Our Lord to this hour 
there were 1524 Egyptian years 234 days 18 hours [by apparent time] and also 
18 hours by exact time. The position of the sun was by calculation at 24°14’ of 
Leo; the mean movement of the moon away from the sun was 97°6’; the regular 
anomaly was 242°10’; the corrected anomaly was 239°43’, adding approximately 
7° to the mean movement; wherefore the true position of the moon was at 9°39’ 
of Sagittarius; the mean movement of latitude was 193°19’; the true, 200°17’; 
the southern latitude of the moon was 4°41’; the southern declination was 
26°36’, and the addition of 26°36’ to 54°19’ of the latitude of the place of ob- 
servation makes the distance of the moon from the pole of the horizon to be 
80°55’. But there appeared to be 82°. Accordingly the difference of 1°5’ came 
from the lunar parallax, which according to Ptolemy should have been 1°38’ 
and also according to the theory of the ancients, as the harmonic ratio, which 
follows from their hypotheses, forces you to admit. 


17. DISTANCE OF THE MOON FROM THE EARTH AND DEMONSTRATION 
oF THEIR Ratio IN Parts WHEREOF THE RADIUS OF THE 
Earts Is true Unit 


[119>] From this it will now be made apparent how great the distance of the 
moon from the earth is. And without this distance a sure 
ratio cannot be given for the parallaxes, for they are mu- 

- tually related. And it will be established in this way. Let 
AB be a great circle of the Earth, and let C be its centre. 
Around C let another circle be described in comparison 
with which the Earth has considerable magnitude, and 
let this circle be DE. Let D be the pole of the horizon, and 
let the centre of the moon be at E, so that DE its distance 
from the vertex is known. Accordingly, since at the first 
observation, 


Sy 


angle DAE = 82°50’ 
and by calculation 
angle ACE =82°, 
and hence ) 
angle DAE—angle ACH =50’, 
which belonged to the parallax; we have triangle ACE with its angles given and 
therefore with its sides given. For since 
angle CAE is given, 
side CH =99,219 
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where diameter of circle circumscribing triangle AEC = 100,000 
and 
AC =1,454; 
and 
CE =68?, 
where AC, radius of Earth, = 1. 
And this was the distance of the moon from the centre of the Earth at the 
first observation. 
But at the second observation 

angle DAE =82°, 

as the apparent movement; and, by calculation, 
angle ACE =80°55’; 

and, by subtraction, 

angle AEC =1°5’. 
Accordingly, 

side EC = 99,027 
and 

side AC = 1894 
where diameter of circle circumscribing triangle = 100,000. 
And so 
CE = 56°42’, 
where the radius of Earth=1». 

And that was the distance of the moon. 


But now let ABC be the greater epicycle of the moon; and let its centre 
be D. Let E be taken as the centre of the Earth, and from £ let the straight 
line EBDA be drawn, so that A is the apogee and B the perigee. Now let 

arc ABC =242°10’, 
in accordance with the computed regularity of the lunar anomaly. 
And with C as centre let epicycle FGK be described, whereon 

are FGK =194°10’, 
twice the distance of the moon from the sun. And let DK be joined. 

Thus, 
angle GDK = — add. [1209] 2°27’; 
and, by subtraction, 
corr. anomaly = 59°43’, 
since 
arc CDB=are ABC — 180° =62°10’, 
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and 
angle BEK =7°, 
Therefore, in triangle KDE the angles are given in the degrees whereof 2 rt. 
angles= 180°; and the ratio of the sides is also given: 
DE=91,856 
and 
EK =86,354, 
where diameter of circle circumscribing triangle KDE = 100,000. 
But 
KE=94,010 
where DE = 100,000. 
Now it was shown above that 
DF =8,600 
and 
DFG = 13,340. 
Accordingly it follows from the given ratio that when, as was shown, 
EK = 56°42’, 
where radius of the Earth=1?; 
then 
DE =60°18’, 
DF =5?11', 
DFG=8>2'; 
and hence, as extended in a straight line. 
EDG=6814?; 
and that is the greatest altitude of the half moon. Furthermore, 
ED—DG=52°17’, 
which is its least distance. And thus, at its greatest, 
EDF =6514», 
which is the altitude occurring at the bright, full moon; and at its least, 
EDF—DF = 55°8’. 
And we should not be moved by the fact that others—and especially those to 
whom the parallaxes of the moon could not become known except partially, 
on account of the location of their places—estimate the greatest distance of 
the new moon and the full moon to be 64°10’. But the greater nearness of the 
moon to the horizon—for it is clear that the parallaxes are filled out in relation 
to the horizon—has ailowed us to perceive them more perfectly, and we have 
not found the parallaxes to differ by more than 1’ on account of the difference 
caused by the nearness of the moon to the horizon. 


18. ON THE DIAMETER OF THE MOON AND ON THE DIAMETER OF THE 
TERRESTRIAL SHADOW IN THE PLACE OF PASSAGE OF THE Moon 


[120°] Moreover, the apparent diameters of the moon and the shadow vary 
with the distance of the moon from the Earth. Wherefore it is pertinent to speak 
of them. And although the diameters of the sun and the moon are rightly de- 
termined through the dioptra of Hipparchus, nevertheless in the case of themoon 
astronomers Judge that this is done with more certainty through some particular 
eclipses of the moon, in which the moon is at an equal distance from its highest 
or lowest apsis, especially if at that time the sun too is in the same relative situa- 
tion, so that the circle of shadow which the moon passes through is found equal 
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—unless the eclipses themselves are unequal in extent. For it is clear that the 
comparison of the difference in extent of the eclipses with the latitude of the 
moon shows how much of the circle around the centre of the Earth the diameter 
of the moon subtends. When that has been perceived, the semidiameter of the 
shadow is also known. 

All this will be made clearer by an example. In this way at the midpoint of 
the first eclipse 3/9 of the diameter of the moon was eclipsed; and the moon had 
a latitude of 47'54’’; but at the other eclipse 1%» of the diameter was eclipsed, 
and the latitude was 29’37”. The difference between the extent of the eclipses is 
74 9 of the diameter; the difference in latitude is 18/17” ; and the 124» are propor- 
tional to the 31’20” which the diameter of the moon subtends. Accordingly it is 
clear that the centre of the moon at the midpoint of the first eclipse was about 
a quarter of the moon’s diameter—or 7’50” of latitude—beyond the shadow. If 
these 750” are subtracted from the 47'54” of the total latitude, 40’4’’ remain as 
the semidiameter of the shadow; Just as at the other eclipse the shadow occupied 
—in proportion to 4 of the lunar diameter—10’27” more than the latitude of the 
centre of the moon. The addition of 29’37” to 10’27” similarly makes the semi- 
diameter of the shadow to be: 40’4’”’. And so in accordance with Ptolemy’s con- 
clusion, when the sun and moon are in conjunction or opposition at their great- 
est distance from the Earth, the diameter of the moon is 31’20’’— [121+] as he 
admits he found the sun’s diameter to be through the dioptra of Hipparchus— 
but the diameter of the shadow is 1°21’ 20”; and he believed that the diameters 
were in the ratio of 13 to 5, 7.e., the ratio of double plus three-fifths. 


19. How THE DiIsTANCES OF THE SUN AND Moon FROM THE EARTH, 
THEIR DIAMETERS AND THAT OF THE SHADOW AT THE PLACE OF 
CROSSING OF THE MOON, AND THE AXIS OF THE SHADOW 
ARE DEMONSTRATED SIMULTANEOUSLY 


But even the sun has some parallax; and since it is very slight, it is not per- 
ceived so easily, except that the following things are related reciprocally: namely 
the distance of the sun and moon from the Earth, their diameters and that of 
the shadow at the crossing of the moon, and the axis of the shadow; and for 
that reason they are mutually productive of one another in analytical demon- 
strations. First we shall review Ptolemy’s conclusions on these things, and how 
he demonstrated them, and we shall draw out from them what seems the most 
true. He assumed 3114’ as the apparent diameter of the sun, which he employed 
without any qualification. He assumed as equal to that the diameter of the full 
and new moon when at its apogee, which he says was at a distance of 64°10’, 
whereof the radius of the Earth is 1”. 

From that he demonstrated the rest in this way: Let ABC be the circle of the 
solar globe around centre D; and let EFG be the circle of the terrestrial globe 
around its centre K at its greatest distance from the sun. Let AG and CE be 
straight lines touching both circles, and let them as extended meet at the apex 
of the shadow, as at point S. And let DKS be a line through the centres of the 
sun and the Earth. Moreover, let AK and KC be drawn, and let AC and GE be 
joined, which should hardly differ at all from the diameters on account of the 
great distance between them. Now on DKS let equal segments LK and KM 
be taken in proportion to the distance of the moon in the apogee when new and 
when full: in his opinion 64°10’, where EK is 1”. Let QMR be the diameter of 
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cS 


the shadow at this crossing of the moon; and let NLO be the diameter of the 
moon at right angles to DK, and let it be extended as LOP. 
The first problem is to find 
DEK: KE. 
Accordingly, since 
angle NKD=31)4’, 
where 4 rt. angles =360°, 


and [121>] 
angle LKO=1% angle NKO, 
angle LKO=1524’, 

And 


angle L=90°. 
Accordingly, in triangle LKO, which has its angles given, 
KL : LO is given, 


and 
LO = 17°33’, 
and 
LK =64°10’, 
where KH =1?. 
And because 
LO: MR=5 +13, 
MR =45/38". 


But since LOP and MR are parallel to KE at equal intervals, on that account 
LOP+MR=2 KE. 
And 
OP =LOP—(MR+LO) =56’49”. 
Now by Euclid, v1, 2, 
EC: PC=KC :OC=KD:LD=KE : OP =60' : 56'49”. 
Hence 
LD =56'49", 
where DLK = 1°. 
And accordingly, by subtraction, 
KL=3'11", 
But according as 
KL =64°10', 
where FK = 1?, 
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KD=1210?. 
Now it is also clear that 


Mi =—4y'33~, 
Hence 
KE : MR is given 
and 
KMS : MS is given. 
And of the whole KMS 


Fe Mia 4 225 
And, separando, 
KMS = 268" 
where KM =64?10’. 
So in truth Ptolemy. 

But others after Ptolemy, since they found that these things did not agree 
sufficiently with the appearances, published other things concerning all this. 
None the less they admit that the greatest distance of the full moon and the 
new moon from the Earth is 64°10’; and that the apparent diameter of the sun 
at its apogee is 3114’. They even grant that the diameter of the shadow at the 
place of crossing of the moon is as 13 to 5, even as Ptolemy himself. Neverthe- 
less they deny that the apparent diameter of the moon at that time is greater 
than 2914’; and for that reason they put the diameter of the shadow at ap- 
proximately 1°1634’. They hold that it follows from this that at its apogee the 
distance of the sun from the Earth is 1146” and that the axis of the shadow is 
254”, whereof the radius of the Earth is 1”. [122°] And astronomers attribute 
these things to the Harranite philosopher [al-Battani] as the discoverer, although 
they cannot be joined together at all reasonably. We considered that these 
things must be adjusted and corrected as follows, since we put the apparent 
diameter of the sun in its apogee at 31’40”—for it should be somewhat greater 
now than before Ptolemy—and that of the full or the new moon in its highest 
apsis at 30’ and the diameter of the shadow in its crossing at 8034’. For as- 
tronomers should have a slightly greater ratio than that of 5 to 13, that is to 
say 150 to 403. And the whole sun is not covered by the moon, unless the moon 
is at a lesser distance from the Earth than 62°, whereof the radius of the Earth 
is 1”. For when these things are put down in this way they seem to be connected 
with one another and the rest in a sure fashion and to be consonant with the 
apparent eclipses of the sun and moon. And in accordance with the foregoing 
demonstration: 

LO =17’85” 
where KE radius of Earth=1?. 
And for that reason 


MR=46'1", 
and 
OP =56'51’. 
And 
DLK =1179?, 
the distance from the Earth of the sun at its apogee; and 
KMS = 265, 


which is the axis of the shadow. 
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20. On THE MAGNITUDE OF THESE THREE CELESTIAL BoDIEs: 
THE SuN, Moon, AND EARTH, AND THEIR COMPARISON WITH 
ONE ANOTHER 


Hence it is also manifest that 


DR sKD=1:18 
and 
LO-SDC = 1-518. 
Now 
Paulette oo °2.. 
where KE =1?. 
And 


SK : KE =265" :1?=SKD : DC =1444?P : 5°27’. 
For they are all proportional; and that will be the ratio of the diameters of the 
sun and Earth. But, as globes are in the ratio of the cubes! of their diameters, 
accordingly 
(5°27/)*= 161 Vee: 
and the sun is 161 % greater than the terrestrial globe. 
Again, since 
moon’s radius = 17’9” 
where KE=1?, 

[1225] Earth’s diameter : moon’s diameter =7 : 2, 2.e., in the triple sesquialter 
ratio. When the cube? of that ratio is taken, it shows that the Earth is 42% 
greater than the moon. 

And hence the sun will be 6,999 &2é3 greater than the moon. 


21. ON THE APPARENT DIAMETER OF THE SUN AND Its PARALLAXES 


But since the same magnitude when farther away appears smaller than when 
nearer; for that reason it happens that the sun, moon, and the shadow of the 
Earth vary with their unequal distances from the Earth no less than do their 
parallaxes. By means of the aforesaid, all these things are easily determinable 
for any elongation whatsoever. That is first made manifest in the case of the 
sun. For since we have shown that the Earth at its farthest is 10,323 parts dis- 
that from the sun, whereof the radius of the orbital circle of annual revolution = 
10,000; and at its nearest the Earth has a distance of 9,678 parts of the remain- 
der of the diameter: accordingly the highest apsis is 1179" whereof the radius of 
the Earth is 1”, the lowest apsis will be 1105”, and so the mean apsis will be 
1142°. Accordingly in the right triangle’ 

1,000,000 + 1179 =8484 = 14 ch. 2 (2'55”), 
which is the small angle of greatest parallax, and that is found around the hori- 
zon. Similarly, as the least distance is 1105°, 


Witerally, in the triplicate ratio. 
literally, the triplicate. 
32.e., the right triangle formed by the line joining the centres of the sun and the Earth, the 


tangent from the centre of the sun to the Earth’s surface, and the radius of the Earth to that 
point of tangency. 


‘7.e., when the highest apsis = 1179", 1>=848 
whereof radius of circle = 1,000,000. 
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1,000,000 — 1105 =905! = 14 ch. 2 (3’7”); 
and 3/7" measures the angle of greatest parallax of the lowest apsis. Now it was 
shown that the diameter of the sun is 5°27’, whereof the diameter of the Earth 
is 1°, and that it appears at the highest apsis as 31’48”’. For 

1179? : 5° 27’ =2,000,000 : 9,245; 
where diameter of circle = 2,000,000, 
and 
14 ch. 2(31/48’) =9245. 

It follows that at the least distance of 1105” there is an apparent diameter of 
33’54’". Therefore the difference between them is 2’6”’; but there is a difference 
of only 12” [123a] between the parallaxes. Ptolemy considered that both of 
these differences should be ignored on account of their smallness; for 1’ or 2’ is 
not easily perceptible to the senses, much less than are a few seconds perceptible. 
Wherefore if we keep the greatest parallax of the sun at 3’ everywhere, we shall 
be seen to have made no error. Now we shall determine the mean apparent 
diameters of the sun through its mean distances; or, as do others, through the 
apparent hourly movement of the sun, which they believe to be to its diameter 
as 5 to 66 or as 1 to 144%. For its hourly movement is approximately proportional 
to its distance. 


22. ON THE UNEQUAL APPARENT DIAMETER OF THE MOON AND ITS PARALLAXES 


A greater diversity in the apparent diameter and parallaxes appears in the 
case of the moon as being the nearest planet. For since its greatest distance from 
the Earth is 6514? at new moon and full moon, its least distance will by the 
above demonstrations be 55°8’; and the greatest [altitudinal] elongation of the 
half moon will be 68°21’, and the least 52°17’. Accordingly we shall have the 
parallaxes of the setting or rising moon at these four termini, when we have di- 
vided the radius of the circle by the distances of the moon from the Earth: the 
parallax of the farthest half moon will be 50’18” and that of the farthest new or 
full moon will be 52’24”; the parallax of the nearest full or new moon will be 
62’21” and that of the nearest half moon 65’45”. 

Furthermore by this the apparent diameters of the moon are established. For 
it was shown that the diameter of the Earth is to the diameter of the moon as 
7 to 2, and the radius of the Earth will be to the diameter of the moon as 7 to 4. 
Moreover, the parallaxes are in that ratio to the apparent diameters of the moon, 
since the straight lines, which comprehend the angles of the greater parallaxes, 
do not differ at all from the apparent diameters at the same crossing of the moon; 
and the angles, [or ares of parallax] are approximately proportional to the chords 
subtending them; and their difference is not perceptible to sense. By this sum- 
mary it is clear that at the first limit of the parallaxes which have been already 
set forth the apparent [123°] diameter of the moon will be 2834’; at the second, 
approximately 30’; at the third, 35’38’’; and at the last limit, 37’34’. By the 
hypothesis of Ptolemy and others the diameter would have been approximately 
1°, and so it ought to have been, as the half moon at that time was shedding as 
much light on the Earth as the full moon would. 


1Similarly, where the lowest apsis = 1105", 1° =905 
whereof radius of circle = 1,000,000. 
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23. WHAT THE RaTIO OF DIFFERENCE BETWEEN THE 
SHADOWS OF THE EARTH Is 


We have already made clear that 
shadow’s diameter : moon’s diameter = 403 : 150. 
For that reason at a full or a new moon, when the sun is at its apogee, the shad- 
ow’s is found to be 80/36” at its least and 95’44” at its greatest; and the greatest 
difference is 15’8”. Moreover, the shadow of the Earth varies, even in the same 
place of crossing of the moon, on account of the unequal distance of the Earth 
from the sun, as follows: 
For, as in the foregoing diagram, let DKS the straight line through the cen- 
tres of the sun and the Earth 


Cc be drawn again, and also CES 
the line of tangency. As was 
- E R shown, when 
distance DK = 1179?, 
D K M S where KE = 1? 
and 
KM =62° 


then the semidiameter of the shadow 
MR=46'1” 
where KE = 1°; 
and [KR being joined] 
angle MAR =42/32”, 
which is the angle of sight, and the axis of the shadow 
| KMS=265°. 
Now when the Earth is nearest to the sun, so that 
DK =1108", 
we shall evaluate the shadow of the Earth at the same crossing of the moon, as 
follows: For let EZ be drawn parallel to DK. Then 
CZ :ZE=EK: KS. 


But 

CZ = 4°27’ 
and 

ZE=1105°. 

For . 

ZE=DK 
and 

DZ=KE, 
as KZ is a parallelogram. Accordingly 

KS =248?19’ 

where KE =1?. 
Now 

KM =62; 
and accordingly, by subtraction, 

MS =186°19’. 


But since 
SM :MR=SK: KE, 
therefore 
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MR=45'1", 
where [1242] KE=1?. 
And hence 
angle MK R=41’35’, 

which is the angle of sight. Whence it happens that on account of the approach 
and withdrawal of the sun and the Earth, the greatest difference in the diam- 
eters of the shadow at the same place of crossing of the moon is 1’, whereof HK 
= 1°, in proportion to an angle of sight of 57”, whereof 4 rt. angles = 360°. 
Furthermore, in the first case 

shadow’s diameter : moon’s diameter >13 : 5; 
but here 

shadow’s diameter : moon’s diameter <13 : 5, 
as 13 : 5 is a sort of mean ratio. Wherefore we shall make but slight error if we 
employ it as everywhere the same, thus saving labour and following the judg- 
ment of the ancients. 


24. ON THE TABLE OF THE PARTICULAR PARALLAXES IN THE CIRCLE 
PassInc THROUGH THE POLES OF THE HORIZON 


Moreover, it will not be difficult now to determine all the single parallaxes of 
the sun and the moon. For let there be drawn again AB 
the terrestrial circle through the vertex of the horizon, —F 
with C as its centre. And in the same plane let DE be 
the orbital circle of the moon, FG that of the sun, CDF G 
the line through the vertex of the horizon; and let line pp 
CEG be drawn, in which the true positions of the sun 
and the moon are understood to be, and let the lines of 
sight AG and AE be joined to those points. Therefore 
the parallaxes of the sun are measured by angle AGC, 
those of the moon by angle AEC. Moreover, thereisa © B 
parallax between the sun and moon which is measured 
by angle GAZ, which is determined according to the dif- 
ference between angles AGC and AEC. Now let us take angle ACG, with which 
we wish to compare those angles; and, for example, let 

angle ACG=30°. 
Now it is clear from what we have shown concerning plane triangles that when 
line CG = 1142», 
: where AC'=1?, 
angle AGC =1’, 
which is the difference between the true and the seeming altitude of the sun. 
But when 
angle ACG=60°, 
angle AGC = 2736”. 

Everything will be similarly clear as regards the remaining angles. 

But in the case of the moon at its four limits: If at the greatest lunar distance 
from the Earth, wherein, as we said, 

CE =68°21’, 
[124>] where CA = 1?, 
angle DCE =30°, 
where 4 rt. angles =360°, 
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we shall have triangle ACE in which the two sides AC and CE together with 
angle ACE have been given. From that we find 
that 
parallax AEC = 25/28”. 
And when 
CE=6514» 
angle AEC = 26/36”. 
Similarly in the third case when 
CE = 55°8’, 
parallax AEC =31'42”. 
Finally, at the least distance when 
EIS ye 
angle AEC =33/27”. 
Again, when 
arc DE =60°, 
the parallaxes in the same order will be as follows: 
First parallax =43’55’, 
second parallax = 45'51”, 
third parallax = 5414’, 
and 
fourth parallax = 5714’. 

We shall inscribe all these things after the order of the subjoined table, 
which for the sake of convenience we shall extend like all the other tables into 
a series of thirty rows but proceeding by 6°’s by which twice the arcs from the 
vertex of the horizon—of which the greatest is 90°—are given to be understood. 
But we have divided the table into nine columns. For in the first and second 
will be found the common numbers of the circle. We shall put the parallaxes 
of the sun in the third, and in the next the lunar parallaxes, and in the fifth 
column the differences, by which the least parallaxes, which occur at the half 
moon and at the apogee, are deficient as measured by the parallaxes occurring 
at the apogee of the full moon or the new moon. The sixth column will contain 
the parallaxes which the full or bright moon produces at its perigee; and in 
the next column are the minutes of difference, by which the parallaxes which 
occur at half moon when the moon is nearest to us exceed those occurring at 
half moon in the apogee. Then, the two spaces which are left are reserved for 
the proportional minutes, by which the parallaxes between these four limits 
can be computed. We shall set forth these parallaxes, and first in connection 
with the apogee and the parallaxes which are between the first two limits—as 
follows. 
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Let circle [125*] AB be the first epicycle of the moon, and let C be its centre. 
With D taken as the centre of the Earth, let the straight line DBCA be drawn; 
and with apogee A as centre let the second epicycle EFG be described. Now let 

arc EG =60°, 
and let AG and CG be joined. Accordingly, since in the foregoing it was shown 
that 
straight line CH = 5?11’, 
where radius of Earth=1?, 
straight line DC = 60°18’, 
and 
straight line HF =2°51’, 
then in triangle ACG 
side GA = 1°25’ 
and 
side AC = 6°36’; 
and 
angle CAG is given, 
which is the angle comprehended by GA and AC. Accordingly, by what has 
been shown concerning plane triangles, 
side CG@=6°7’, 
Accordingly, as extended in a straight line, 
DCG = DCL =66°25’. 


But 
DCE =6514?. 
Therefore, by subtraction, 
EL=5514’, 
and that is the excess. Moreover, by this given ratio, when 
DCE =60?; 
EF =2°37’, 
and 
EL=46’. 
Therefore, according as, 
EF=60', 


excess EL = 18’. 
We shall mark these down in the eighth column of the table as corresponding 
to 60° [in the first column]. 
We shall show something similar in the case of perigee B. Let the second 
epicycle MNO be drawn again around centre B, and let 
angle IBN =60°. 
For, as before, triangle BC'N will have its sides and angles given, and similarly 
excess MP =5514’ 
where Earth’s radius= 1°. 
But that is because 
DBM =55°8’. 
lf 
DBM =60?; 
MBO =3°7’, 
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and 
excess Af P = 55’. 
Now 
3°7’.: SRLS G0F ahs 
and so on, the same as before. Nevertheless there is a difference of a few seconds. 
We shall do this for the rest; and thus we shall fill out the eighth column of 
the table. But if we were to employ instead of them, those [proportional 
minutes] which were set out in the table of additosubtractions, we shall make 
no error. For they are approximately the same—and it is a question of very 
small numbers. [125>] There remain the proportional minutes which occur at 
the mean termini, namely between the second and the third termini. 
Now let circle AB be the first epicycle at the new or full moon. Let C be its 
centre; and let D be taken as the centre of the Earth. And let the straight line 


E 


DBCA be extended. Now from apogee A let some arc be taken: for instance, let 
arc AE =60°; 

and let DE and CE be joined. For we shall have the triangle DCE, in which 
two sides are given: 

CD =60?19’ 
and 

CH=5 11% 
Now angle DCE is an interior angle, and 

angle DCE =180°—angle ACE. 

Accordingly, by what we have shown concerning triangles, 


DE =63°4’, 

But 

DBA =6516), 
and 

DBA—ED = 2°26’. 

Now 

AB =10°22'; 
and 


10°22’ ;: 2°26’ =60’ : 14’. 
And they are inscribed in the table in the ninth column opposite 60°. Following 
this example, we have completed the rest and filled out the table, which fol- 
lows. And we have added another table of the semidiameters of the sun and 
the moon, and the shadow of the Earth, so that as far as possible they may 
be at hand. 
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TABLE OF THE PARALLAXES OF THE SUN AND Moon 


Common jParallaxes 


Numbers 
Deg. Deg. 

6 354 
12 348 
18 342 
24 336 
30 = 880 
36 = 324 
ace ols 
48. \ 312 
54 306 
60 300 
66 294 
72 288 
78 282 
84 276 
90 270 
96 264 
102-258 
108 252 
114 246 
120 240 
126 §=234 
igo 228 
ise . 222 
134" °216 
150 210 
156 3 =204 
162 198 
168 «© 192 
174 186 


180 


of the sun 


Min. Sec. 


10 
Wo 
29 


38 
47 
56 


5 
13 
22 


31 
39 
46 


WCwWHNH NNN NNN NNNDYD NND NON KH HK KR RK kK COCO CCo 
jot 
we) 


Difference be- Difference 

tween the first between the 

Parallax of | and second |\Parallax of | third and 
the moon at} limit of the |\the moon at| fourth lunar 
the second | moon: to be | the third | limit: to be 


limit subtracted limat added 

Min. Sec.| Min. Sec. | Min. Sec.| Min. Sec. 

Z 46 | 0 isle 18 | 0 12 

5 3a |. 0 14 | 6 36 | 0 pies 

8 19 | 0 “ali 53 | 0 34 
11 4/0 28 | 13 10 | 0 45 
13 49 | 0 35 | 16 26 | 0 56 
16 32 | 0 42 } 19 40} 1 6 
19 510 48 | 22 47-1 16 
21 39 | 0 55 | 25 4711 26 
24 ae | 1 | 28 49 | 1 35 
26 36 | 1 8 | 31 a2 | 1 45 
28 Gell 14 | 34 31 {1 54 
31 14/1 19 | 34 14/2 3 
30 25 11 24 | 39 50 | 2 11 
35 31 )1 29 | 42 19 | 2 19 
ot 5 a 34 | 44 40 | 2 26 
39 24/1 39 | 46 64\|2 a3 
41 10. \eal 44 | 49 0} 2 40 
49 50 | 1 48 | 50 59 | 2 46 
44 24)1 52 |-52 49 | 2 53 
45 51 | 1 56 | 54 30 | 3 0 
47 8 | 2 0 | 56 fied 6 
48 15 1 Z 2158 2313 11 
49 15 PZ 3 | 58 3613 14 
50 10 | 2 4 1 59 39 | 3 17 
50 55 2 4} 60 31 | 3 20 
51 2912 ® iol Tf? To 22 
5] 56 | 2 5 | 61 a7 3 23 
52 As Hl 2 6 | 62 9/3 23 
52 22.142 6 | 62 19/3 24 
52 2A hae 6 | 62 21418 24 


Proportional minutes 
of the smaller epicycle 


STOR Gr © 


Proportional minutes 
of the greater eprcycle 
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TABLE OF THE SEMIDIAMETERS OF THE SuN, Moon, AND SHADOW 


Semidiameter | Semidiameter | Semidiameter 


Variation 
of the 
Shadow 


Common of the of the of the 
Numbers Sun Moon Shadow 
Deg. Deg. Min. Sec. Min. Sec. Min. See. Min. 
6 354 15 50 15 0 40 18 0 
12 358 15 50 15 1 40 21 0 
18 342 15 51 15 3 40 26 1 
24 336 to yd 15 6 40 34 2 
30 330 15 53 15 9 40 42 3 
36 324 15 59 15 14 40 56 4 
42 318 15 OY 15 19 41 10 6 
48 aL2 16 0 15 25 41 26 9 
54 306 16 3 15 32 41 44 11 
60 300 16 6 15 39 42 ole 14 
66 294 16 9 15 47 42 24 16 
@2 288 16 12 15 56 42 40 19 
78 282 16 15 16 5 43 13 22 
84 276 16 19 16 13 43 34 25 
90 270 16 22 16 22 43 58 Ai 
96 264 16 26 16 30 44 20 31 
102 258 16 29 16 39 44 44 33 
108 202 16 32 16 47 45 6 36 
114 246 16 36 16 55 45 20 39 
120 240 16 39 17 4 45 52 42 
126 234 16 42 17 12 46 13 45 
132 228 16 45 17 19 46 32 47 
138 222 16 48 17 26 46 5 49 
144 216 16 50 17 82 47 7 51 
150 210 16 53 17 38 47 23 53 
156 204 16 54 17 41 47 31 54 
162 198 16 55 iN 44 47 39 55 
168 192 16 56 17 46 47 44 56 
174 186 16 57 Ms 48 47 49 56 


180 180 16 57 17 49 47 52 57 
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25. On COMPUTING THE PARALLAX OF THE SUN AND Moon 


[127°] We shall also set out briefly the mode of computing the parallaxes of 
the sun and moon by the table. If for the distance of the sun or twice the dis- 
tance of the moon from the vertex of the horizon we take the corresponding par- 
allaxes in the table—the solar parallaxes simply but the lunar parallaxes at the 
four limits—and if we take the first proportional minutes corresponding to 
twice the movement of the moon or twice its distance from the sun; by means of 
these minutes we shall determine the parts of the difference between the first 
and the last terminus which are proportional to sixty minutes; we shall always 
subtract these parts from the parallaxes following next, and we shall always add 
the later parts to the parallax at the next to the last limit. And we shall have two 
corrected parallaxes of the moon at the apogee and perigee; the lesser epicycle 
increases or decreases these parallaxes. Then we shall take the last proportional 
minutes corresponding to the lunar anomaly; and by means of them we shall 
determine the proportional part of the difference between the two parallaxes 
found nearest; we shall always add this proportional part to the first corrected 
parallax, the parallax at the apogee; and the result will be the parallax of the 
moon sought for that place and time, as in the following example. 

Let the distance of the moon from the vertex [of the horizon] be 54°, the mean 
movement of the moon 15°, and the corrected anomaly 100°: I wish to find from 
them by means of the table the lunar parallax. I double the degrees of distance, 
and the result is 108°, to which in the table there correspond a difference of 1'48’’ 
between the first and second limit, a parallax of 42’50” at the second limit, a 
parallax of 50’59” at the third limit, and a difference of 2’46”’ between the third 
and the fourth limit—which I shall mark down separately. Doubling the move- 
ment of the moon makes 30°; I find five of the first proportional minutes corres- 
ponding to it, and with them I determine 9” to be the part of the first difference 
which is proportional to sixty minutes: I subtract these 9” from the 42’50” of 
the parallax, and the remainder is 42’41’’. Similarly the proportional part of the 
second difference—which was 2’46’/’—is 14’’; and I add it to the 50’59” of the 
parallax at the third limit; the sum is 51'13”’. The difference between these par- 
allaxes is 8/32”’. After this I take the last proportional minutes corresponding to 
the corrected anomaly, and there are 39’. By means of them I take 4’50” as the 
proportional part of the difference of 8’32’’; [127°] I add this 4’50” to the first 
corrected parallax, and the sum is 47’31”’, which will be the sought parallax of 
the moon in the circle of altitude. 

But since any other parallaxes of the moon differ very little from the paral- 
laxes at full moon and new moon, it would seem to be sufficient if we kept within 
the mean limits everywhere, for we have great need of them for the sake of pre- 
dicting eclipses. The rest do not require such great examination, which will be 
held to offer perhaps less in the way of utility than in the satisfaction of curiosity. 


26. How THE PARALLAXES OF LONGITUDE AND LATITUDE ARE DISTINGUISHED 


Now the parallax is divided simply into the parallax of longitude and that of 
latitude, or the parallax between the sun and moon is distinguished according 
to the arcs and angles of the intersection of the ecliptic and the circle through 
the poles of the horizon; since it is clear that when this circle falls at right angles 
upon the ecliptic, it makes no parallax in longitude, but the parallax is trans- 
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ferred wholly to latitude, as the circle is wholly a circle of latitude and altitude. 
But where conversely the ecliptic falls at right angles upon the horizon and be- 
comes wholly the same as the circle of altitude; then, if the moon has no latitude, 
it does not admit anything except a parallax in longitude, but if it has a digres- 
sion in latitude, it does not escape some parallax in latitude. 

In this way let circle ABC be the ecliptic, and let it be at right angles to the 

horizon, and let A be the pole of the horizon. Accordingly cir- 

A cle ABC will be the same as the circle of altitude of a moon 
without latitude. Let B be the position of the moon, and BC 
its total parallax in longitude. 

But when it also has latitude, let DBE be the circle describ- 
ed through the poles of the ecliptic and with DB or BE as the 
latitude of the moon, it is clear that side AD or AE will not 
be equal to AB; and the angle at D or E will not be right, since 
DA and EA are not circles through the poles of DBE; and the 
parallax will participate in latitude, and it will do so all the 

D E more the nearer the moon is to the vertex. For let triangle 
ADE keep the same base, but let sides AD and AE be shorter 
C and comprehend acuter angles at the base; the greater the 
distance of the moon from the vertex is, the more like right 
angles will the angles be. 

Now let ABC be the ecliptic, and DBE the oblique circle of altitude of a moon 
not having latitude, as being at an ecliptic section. [128¢] 
Let B be the ecliptic section, and BE the parallax in the 
circle of altitude. Let there be drawn EF the arc of a cir- 
ele through the poles of ABC. Accordingly since in tri- 
angle BEF angle EBF is given, as was shown above, and 

angle F= 90°, 

and side BE is also given: by what has been shown con- 
cerning spherical triangles, the remaining sides are giv- 
en: BF the parallax in longitude and FE the parallax in 
latitude, which agree with parallax BE. But since BE, 
EF, and FB on account of their shortness differ but 
slightly and imperceptibly from straight lines, we shall 
not make an error if we use the right triangle as rectilinear; and on that account 
the ratio will become easy. 

DY For let circle ABC be drawn as the ecliptic, 
and let DB the oblique circle through the poles 
of the horizon fall upon it. Let B be the position 
in longitude of the moon and FB the northern lat- 
itude or BE the southern. Let the vertex of the 
horizon be D, and from D let fall on the moon the 
circles of altitude DEK or DFC, whereon are 
the parallaxes EK and FG. For the true positions 
of the moon in longitude and latitide will be at 
points £ or F, but the seeming positions will be at 
K or G. And from K and G@ let ares KM and LG be 
drawn at right angles to the ecliptic ABC. Accord- 
ingly, since the longitude and latitude of the moon 
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have been established together with the latitude of the region; in triangle 

DEB two sides DB and BE will be known and also ABD the angle of section and 
angle DBE =angle ABD+90°. 

Accordingly the remaining side DE will be given together with angle DEB. 

Similarly in triangle DBF since two sides DB and BF are given together with 
angle DBF, which with angle ABD makes up a right angle, DF will also be 
given together with angle DFB. Accordingly parallaxes EK and FG on arcs DE 
and DF are given by the table, and sois DE or DF, the true distance of the moon 
from the vertex, and similarly the seeming distance DEK or DFG. But in tri- 
angle EBN, which has the intersection of DE with the ecliptic at point N, angle 
NEB is given, and base BE is given, and angle NBE is right: the remaining 
angle BNE will become known too together with the remaining sides BN and 
NE. And similarly in the whole triangle NK M, as angles M and N and the whole 
side KEN are given, the base KM will be established. KM is the seeming south- 
ern latitude of the moon, and its excess over HB is the parallax of latitude: and 
the remaining side NBM is given: by the subtraction of NB from NBM the re- 
mainder BM will be the parallax in longitude. 

Moreover, thus in the northern triangle BFC, since side BF is given together 
with angle BFC [128°] and angle B is right, the remaining sides BLC and FGC 
together with the remaining angle C are given; and after the subtraction of FG 
from FGC there remains GC, which is a side given in triangle GLC together with 
the angle LCG and angle CLG, which is right. Accordingly the remaining sides 
are given: GL and LC, and hence BL which is the remainder of BC and is the 
parallax in longitude; and GL is the seeming latitude, and its parallax is the 
excess of BF the true latitude over GL. 

As you see however, this computation, which deals with very small magni- 
tudes, contains more labour than fruitfulness. For it will be sufficient if we use 
angle ABD instead of DCB and angle DBF instead of DEB, and as before, 
simply the mean DB instead of ares DE and DF—neglecting the latitude of the 
moon. For no error will appear because of that, especially in regions of the 
northern part of the Earth; but in very southern regions, where B touches the 
vertex of the horizon at the greatest latitude of 5° and when the moon is at its 
perigee, there is a difference of approximately 6’. But in the ecliptic conjunc- 
tions with the sun, where the latitude of the moon cannot exceed )4°, there can 
be a difference of merely 134’. Accordingly it is clear from this that the parallax 
is always added to the true position of the moon in the eastern quadrant of the 
ecliptic and is always subtracted in the other quadrant, so that we may have the 
seeming longitude of the moon; and may have the seeming latitude through the 
parallax in latitude, since if the true latitude and the parallax are in the same 
direction, they are added together; if in different directions, the lesser is sub- 
tracted from the greater, and the remainder is the seeming latitude of that same 
part, to which the greater falls away. 


27. CONFIRMATION OF WHat Has BEEN EXPOUNDED CONCERNING 
THE PARALLAXES OF THE Moon 


Accordingly we can confirm by many other observations (such as the follow- 
ing one) that the parallaxes of the moon as set forth above are in conformity 
with the appearances. We made this observation at Bologna, after sunset on 
the seventh day before the Ides of March, in the year of Christ 1497. For we 
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observed how long [129*] the moon would occult the bright star of the Hyades 
(which the Romans call Paliticium), and with this in mind, we saw the star 
brought into contact with the shadowy part of the lunar body and already 
lying hidden between the horns of the moon at the end of the fifth hour of the 
night, though the star was nearer the southern horn by three quarters as it were 
of the width or diameter of the moon. And since according to the tables the 
star was at 2°52’ of Gemini with a southerly latitude of 516°, it was clear that 
to eyesight the centre of the moon was half a diameter to the west of the star, 
and accordingly its seen position was 2°36’ in longitude and approximately 5°6’ 
in latitude. 

Accordingly from the beginning of the years of Christ there have been 1497 
Egyptian years 76 days 23 hours at Bologna; but at Cracow, which is ap- 
proximately 8° farther east, 23 hours 36 minutes, to which equal time adds 4 
minutes. For the sun was at 2814° of Pisces and therefore the regular movement 
of the moon away from the sun was 74°, the regular anomaly was 111°10’, the 
true position of the moon was at 3°24’ of Gemini, the southerly latitude 4°35’, 
for the true movement of latitude was 203°41’. Moreover, at that time at 
Bologna, 26° of Scorpio was rising, with an angle of 5714°; and the moon was 
83° from the vertex of the horizon, and the angle of section between the circle 
of altitude and the ecliptic was approximately 29°, the parallax of the moon was 
1°51’ in longitude and 30’ in latitude. Those things agree perfectly with the 
observations; and all the less will anyone doubt that our hypotheses and what 
results from them are correct. 


28. ON THE MEAN OPPOSITIONS AND CONJUNCTIONS OF 
THE SUN AND Moon 


The method of investigating the conjunctions and oppositions of the sun and 
the moon is clear from what has been said so far concerning their movement. 
For in relation to that approaching time at which we think this or that con- 
junction or opposition will take place, we shall seek the regular movement of the 
moon; and if we find that the regular movement has already completed a circle, 
we understand a full conjunction at the semicircle. [129] But since that rarely 
presents itself, we shall have to observe the distance between the sun and the 
moon; and when we have divided it by the daily movement of the moon, we 
shall know by how much time the one of them is in advance of the other, or how 
far off in the future the conjunction or the opposition is. Therefore we shall 
seek out the movements and positions for this time, and with them we shall set 
up ratios for the true new moons and full moons; and we shall distinguish the 
ecliptic conjunctions from the others, as we shall indicate below. When we have 
got these things set up, it will be possible to go on into any number of months 
and continue through some number of years by means of the table of twelve 
months, which contains the time and the regular movements of the anomaly of 
the sun and the moon and the regular movement of the moon in latitude— 
joining single movements to the single movements already found. But' we shall 
put down the anomaly of the sun as true, so as to have it as corrected im- 
mediately. For its difference is not perceptible to sense in one or more years on 
account of its slowness at its beginning, 7.e., at its highest apsis. 
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99. On THE CLOSE EXAMINATION OF THE TRUE CONJUNCTIONS 
AND OPPOSITIONS OF THE SUN AND Moon 


]130°] Since we possess, as was said, the time of mean conjunction or opposi- 
tion of these heavenly bodies together with their movements, then the true 
distance between them, whereby they precede or follow one another, will be 
necessary in order to find their true [conjunctions and oppositions]. For if the 
[true] moon is prior to the sun in [mean] conjunction or opposition, it. is clear 
that the true one will be in the future; but if the sun, then it is already past the 
true one which we are seeking. This is made clear by the additosubtractions in 
the case of both of them, since if there were no additosubtractions, or if they 
were equal and of the same quality, vzz., both additive or both subtractive, it is 
clear that at the same moment the true'conjunctions or oppositions and the 
mean ones coincide. But if they are unequal, the difference indicates what their 
distance is and that the star to which the additive or subtractive difference be- 
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longs precedes or follows. But when they are in different parts [of their circles] 
that star all the more precedes whose additosubtraction is subtractive; and the 
adding together of the additosubtractions shows what the distance between 
them is. In connection with this we shall decide how many whole hours can be 
traversed by the moon—taking two hours for every degree of distance. 

In this way, if there were about 6° of distance, we should take 12 hours as 
corresponding to them. Therefore we shall seek the true movement of the moon 
away from the sun for the interval of time thus set up; and we shall do that 
easily, when we know that the mean movement of the moon is 1°1’ per 2 hours, 
but that the true hourly movement of anomaly around the full moon or the new 
moon is approximately 50’. In 6 hours that makes the regular movement to be 
3°3’, and the true movement of anomaly 5°; and in the table of lunar ‘addito- 
subtractions we shall note the difference between the additosubtractions and 
add it to the mean movement—if the anomaly is in the lower part of the circle— 
and subtract it if the anomaly is in the upper. For the sum or the remainder is 
the true movement of the moon for the hours taken. Therefore that movement, if 
equal to the distance first existing, is sufficient. Otherwise the distance multi- 
plied by the number of estimated hours should be divided by this movement; 
or else we shall divide the true simple distance by the hourly movement taken. 
[1314] For the quotient will be the true difference in time in hours and minutes 
between the mean and the true conjunction or opposition. We shall add this 
difference to the mean time of conjunction or opposition, if the moon is west of 
the sun, or to the position of the sun diametrically opposite: or we shall subtract, 
if the moon is eastward; and we shall have the time of true conjunction or oppo- 
sition, although we must confess that the anomaly of the sun too adds or sub- 
tracts something, but it is rightly neglected, as in the whole tract and at greatest 
elongation—which extends beyond 7°—the anomaly cannot fill 1’; and the meth- 
od of evaluating the lunar movements is more certain. 

For those who rely only upon the hourly movement of the moon, which they 
call the hourly excelling movement, make mistakes sometimes and are forced 
rather often to repeat their calculations. For the moon is changeable even from 
hour to hour and does not stay like itself. Accordingly, for the time of true con- 
junction or opposition, we shall work out the true movement in latitude, so as 
to learn the latitude of the moon and work out the true position of the sun in 
relation to the spring equinox, 7.e., in the signs, whereby the true position of the 
moon is known to be the same or opposite to it. And since time is here under- 
stood as mean and equal with respect to the Cracow meridian, we shall reduce 
it to apparent time by the method described above. But if we should wish to 
set this up for any other place than Cracow, we shall note its longitude and take 
four minutes of an hour for each degree of longitude and four seconds of an hour 
for each minute of longitude; and we shall add them to the Cracow time, if the 
other place is to the east, and subtract them, if it is to the west.. And the sum 
or the remainder will be the time of conjunction or opposition of the sun and 
moon. 


30. How THE EcuipTic CONJUNCTIONS AND OPPOSITIONS OF THE SUN AND 
Moon ARE DISTINGUISHED FROM THE OTHERS 


In the case of the moon it is easily discernible whether or not they are ecliptic; 
since, if the latitude of the moon is less than half the diameters of the moon and 
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the shadow, it will undergo an eclipse, but if greater, it will not. But there is 
more than enough bother in the case of the sun, as the parallax of each of them, 
by which for the most part the visible conjunction differs from the true, is mixed 
up in it. Accordingly when we have examined [131°] what the parallax in longi- 
tude between the sun and moon is at the time of true conjunction, similarly we 
shall look for the apparent [angular] elongation of the moon from the sun at the 
interval of an hour before the true conjunction in the eastern quarter of the 
ecliptic or after the true conjunction in the western quarter, in order to under- 
stand how far the moon seems to move away from the sun in one hour. There- 
fore when we have divided the parallax by this hourly movement, we shall have 
the difference in time between the true and the seen conjunction. When that is 
subtracted from the time of the true conjunction in the eastern part of the eclip- 
tic or added in the western—for in the eastern part the seen conjunction pre- 
cedes the true, and in the western it follows it—the result will be the time of 
seen conjunction which we were looking for. Therefore we shall reckon the seen 
latitude of the moon in relation to the sun for this time, or the distance between 
the centres of the sun and the moon at the seen conjunction, after deducting the 
parallax of the sun. If this latitude is greater than half the diameters of the sun 
and moon, the sun will not undergo an eclipse; but if smaller, it will. From this it 
is clear that if the moon at the time of true conjunction does not have any paral- 
lax in longitude, the seen and the true conjunction will be the same, and the 
conjunction will take place at 90° of the ecliptic as measured from the east or 
the west. 


31. How GREAT AN ECLIPSE OF THE SUN OR Moon Witt BE 


Therefore, after we have learned that the sun or moon will undergo an 
eclipse, we shall easily come to know how great the eclipse will be—in the 
case of the sun by means of the seen latitude between the sun and moon at 
the time of seen conjunction. For if we subtract the latitude from half the 
diameters of the sun and the moon, the remainder is the eclipse of the sun as 
measured along its diameter; and when we have multiplied that by twelve 
and divided the product by the diameter of the sun, we shall have the number 
of twelfths of the eclipse of the sun. But if there is no latitude between the 
sun and the moon, there will be a total eclipse of the sun or as much of it as 
the moon can cover. 

Approximately the same method [is used] in the case of a lunar eclipse, 
except that instead of the seen latitude we employ the simple latitude. When 
the latitude is subtracted from half the diameters of the moon and shadow, 
the remainder is the part of [132*] the moon eclipsed, provided the latitude 
of the moon is not less than half the diameters of the moon and shadow, as 
taken along the diameter of the moon. For then there will be a total eclipse. 
And furthermore the lesser latitude even adds some delay in the darkness; 
and the delay will be greatest when there is no latitude—as I think is per- 
fectly clear to those who consider it. Accordingly, in the case of a particular 
eclipse of the moon, when we have multiplied the eclipsed part by twelve and 
divided the product by the diameter of the moon, we shall have the number 
of twelfths of the eclipse—just as in the case of the sun. 
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32. How To KNow BEFOREHAND How LONG AN EcuIPsE WILL Lasr 


It remains to see how long an eclipse will last. It should be noted that we 
use the arcs which occur in the case of the sun, moon, and shadow as straight 
lines; for they are so small that they do not seem to be different from straight 
lines. 

Accordingly let us take point A as the centre of the sun or of the shadow, 

and line BC as the passage of the orb of the moon. And 

A let B be the centre of the moon touching the sun or 
shadow at the beginning of incidence and C at the end 
of its transit. Let AB and BC be joined, and let fall AD 
perpendicular to BC. 

It is clear that when the centre of the moon is at D, 
it will be the middle of the eclipse. For AD is the short- 
est of the lines falling from A, and 

B EW Dok | C BD=DC, 

since 
AB=AC, 

and AB or AC is equal to half the sum of the diameters of the sun and the 
moon in a solar eclipse and to that of the diameters of the moon and shadow 
in a lunar eclipse; and AD is the true latitude of the moon or the seen latitude 
at the middle of the eclipse. Accordingly, when we have subtracted the square 
on AD from the square on AB, the remainder is the square on BD. Therefore 
BD will be given in length. When we have divided it by the true hourly move- 
ment of the moon during the eclipse of the moon, or by the visible movement 
in the case of a solar eclipse, we shall have the time of half the duration. But 
the moon very often delays in the middle of the darkness—that happens when 
half the sum of the diameters of the moon and the shadow exceeds the latitude 
of the moon by more than the moon’s diameter, as we said. Accordingly when 
we have placed £ the centre of the moon at the starting-point of the total 
[132>] obscuration, when the moon touches the concave circumference of the 
shadow, and F at the other point of contact, when the moon first emerges, 
and have joined AE and AF, it will be made clear in the same way as before 
that ED and DF are the halves of the delay in darkness, because AD is the 
known latitude of the moon, and AE or AF is that whereby the half of the 
diameter of the shadow is greater than nalf the diameter of the moon. There- 
fore DE or DF will be established; and once more when we have divided it 
by the true hourly movement of the moon, we shall have the time of half the 
delay, which we were looking for. 

Nevertheless we must notice here that since the moon moves in its own 
orbital circle, it does not, by the mediation of the circles passing through the 
poles of the ecliptic, cut ares of longitude on the ecliptic wholly equal to the 
arcs in its own orbital circle. But the difference is very slight, so that at the 
total distance of 12° from the ecliptic section, which is approximately the 
farthest limit of the eclipses of the sun and moon, the arcs of the circles do not 
differ from one another by 2’, which makes 1y5 hour; on that account we often 
use one instead of the other as if they were the same. So too we use the same 
latitude of the moon at the limits of the eclipses as at the middle of the eclipse, 
although the latitude of the moon is always increasing or decreasing, and on 
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that account the intervals of incidence and withdrawal are not wholly equal, 
but the difference is so slight that it seems a waste of time to examine them 
more closely. In this way the times, durations, and magnitudes of eclipses 
have been unfolded with respect to the diameters. 
But since it is the opinion of many persons that the parts eclipsed should be 
distinguished not with respect to 
B the diameters but with respect to 
the surfaces, for it is not lines but 
surfaces which are eclipsed: ac- 
cordingly let ABCD be the circle 
of the sun or of the shadow, and 
let H be its centre. Let AFCG be 
the lunar circle, and let J be its 
centre. Let the circles cut one an- 
y+ other in points A and C, let the 
was straight line BEIF be drawn 
through the centres of both, and 
let AH, EC, IA, IC be joined and 
line AKC at right angles to BF. 
F By means of this we wish to ex- 
amine how great A DCG the surface 
obscured is, or how many twelfths 
of the whole surface of the orb of the moon or sun belong to the part eclipsed. 
Accordingly since the semidiameters AE and AI of each circle are given by 
the above, and also EJ the distance between their centres or the lunar latitude, 
we shall have [133%] triangle A EJ with its sides given; and for that reason with 
its angles given by the demonstrations above; and angle AJ is similar and 
equal to angle EIJC. Accordingly 
arcs ADC and AGC will be given, 
where the circumference = 360°. 
Furthermore, in the measurement of the circle Archimedes of Syracuse records 
that 
circumference : diameter < 34:1 
but 
circumference : diameter > 319, : 1. 
Ptolemy assumed as a mean between these 
3°8/30” : 1P 
By means of this ratio 
arcs AGC and ADG will be given, 
in terms of the same parts as the semidiameters AE and AT. 
And . | 
quad. HA, AD=sector AEC, 
and 
quad. JA, AG=sector AIC. 
But in the isosceles triangles ALC and AIC the common base AKC iad the per- 
pendiculars HK and KJ are given. And accordingly the quadrilateral AK, KE is 
given, which is the area of triangle A#C—and similarly the quadrilateral Ak, 
K1 is the area of triangle ACJ. Accordingly 
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sect. AFCK —trgl. AJC =seg. circ. AFC 

and 

sect. ABCK —trgl. AEC =seg. circ. ABC 
and hence, 
figure ADCG is given, 

which was sought. 

And moreover, the total area of the circle—which is comprehended by BE and 
BAD in asolar eclipse or by FJ and FAG in a lunar eclipse—was given. Accord- 
ingly it will be manifest how many twelfths of the total circle of the sun or moon 
was eclipsed in ADCG. Let all this—which has been treated in more detail by 
others—be enough now concerning the moon: for we are in a hurry to get to the 
revolutions of the remaining five planets, which will be spoken of in the books 
following. 


BOOK FIVE 


[133>] Up to now we have been explaining to the best of our ability the revo- 
lutions of the Earth around the sun and of the moon around the Earth. Now we 
are turning to the movements of the five wandering stars: the mobility of the 
Earth binds together the order and magnitude of their orbital circles in a won- 
derful harmony and sure commensurability, as we said in our brief survey in 
the first book, when we showed that the orbital circles do not have their centres 
around the Earth but rather around the sun. Accordingly it remains for us to 
demonstrate all these things singly and with greater clarity; and let us fulfil our 
promises adequately, in so far as we can, particularly by measuring the appear- 
ances by the experiments which we have got from the ancients or from our own 
times, in order that the ratio of the movements may be held with greater cer- 
tainty. Now in Plato’s Timaeus each of thse five stars is named in accordance 
with its visible aspect: Saturn, Phaenon—as if to say ‘“‘shining”’ or ‘“‘appearing,”’ 
for Saturn is hidden less than the others, and emerges more quickly after under- 
going occultation by the sun; Jupiter, Phaeton from his radiance; Mars, Pyrois 
from his fiery glow; Venus sometimes ¢dwaddpos and sometimes éozepos, 7.¢., 
Lucifer and Vesperugo, according as she shines at morning or evening; and 
finally Mercury, Stilbon from his sparkling and twinkling light. Moreover the 
planets have greater irregularities in longitude and in latitude than the moon. 


1. On TuHerr REVOLUTIONS AND MEAN MOVEMENTS 


Two longitudinal movements which are quite different appear in the planets. 
One of them is on account of the movement of the Earth, as we said; and the 
other is proper to each planet. We may rightly call the first the movement of 
parallax, since it is the one which makes the planets appear to have stoppings, 
progressions, and retrogradations—[134?] not that the planet which always pro- 
gresses by its own movement, is pulled in different directions, but that it ap- 
pears to do so by reason of the parallax caused by the movement of the Earth 
taken in relation to the differing magnitudes of their orbital circles. 

Accordingly it is clear that the true position of Saturn, Jupiter, and Mars be- 
come visible to us only at the time when they are in opposition to the sun; and 
that occurs approximately in the middle of their retrogradations. For at that 
time they fall on a straight line with the mean position of the sun, and lay aside 
their parallax. | 

Furthermore there is a different ratio in the case of Venus and Mercury: for 
they are hidden at the time they are in conjunction with the sun, and they show 
only the digressions which they make on either side away from the sun: hence 
they are never found without parallax. 

Therefore the revolution of parallax—I mean the movement of the Earth with 
respect to the planet—is private to each planet; and the planet and the Earth 
are mutually explanatory of it. For we say that the movement of parallax is 
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nothing except that wherein the regular movement of the Earth exceeds their 
movement, as in the case of Saturn, Jupiter, and Mars, or is exceeded by it, as 
in the case of Venus and Mercury. But since such periods of parallax are found 
unequal by a manifest difference, the ancients recognized that the movements 
of these planets too were irregular and had apsides of circles to which their ir- 
regularity returned, and the ancients supposed that these apsides had perpetual 
seats in the sphere of the fixed stars. By that argument the road is opened for 
learning their mean movements and equal periods. For when the ancients had 
recorded in memory the position of some planet with respect to its exact distance 
from the sun and a fixed star, and after an interval of time found that it had ar- 
rived at the same position with an equal distance from the sun; the planet was 
seen to have completed its whole movement of irregularity and to have returned 
through all to its former relationship with the Earth. And so by means of the 
time which intervened they calculated the number of whole and equal revolu- 
tions and from them the particular movements of the planet. Ptolemy surveyed 
the circuits through a number of years, according as, he acknowledged, he got 
them from Hipparchus. Now he means solar years to be understood as the years 
measured from an equinox or solstice. But it has already been made clear that 
such years are not quite equal; on that account we shall use years measured 
from the fixed stars, and by means of them the movements of these five planets 
have been reconstituted more correctly by us, according as in our time [134>] 
we found there was some deficiency in them or excess, as follows. 

For the Earth has 57 revolutions in respect to Saturn—we call this the move- 
ment of parallax—ain 59 of our solar years 1 day 6 minutes of a day 48 seconds 
approximately: during this time the planet has by its own movement completed 
two circuits plus 1°66”. 

Jupiter is outrun by the Earth 65 times in 71 solar years minus 5 days 45 
minutes 27 seconds: during this time the planet by its own movement has 6 
revolutions minus 5°41'214”. 

Mars has 37 revolutions of parallax in 79 solar years 2 days 27 minutes 3 
seconds: during this time the planet by its own movement completes 42 periods 
plus 2°24’56”’. 

Venus outruns the movement of the Earth 5 times in 8 solar years minus 2 
days 26 minutes 46 seconds. And during this time it has 13 revolutions minus 
2°24'40” around the sun. 

Finally, Mercury completes 145 periods of parallax, by which it outruns the 
movement of the Earth, in 46 solar years plus 34 minutes of a day 23 seconds. 
And it has 191 revolutions around the sun in that time plus 34 minutes of a day 
23 seconds approximately. 

Accordingly the single circuits of parallax are as follows: for the single planets: 

Saturn: 378 days 5 min. 32 sec. 11 thirds 
Jupiter: 398 days 23 min. 25 sec. 56 thirds 
Mars: 779 days 56 min. 19 sec. 7 thirds 
Venus: 583 days 45 min. 17 sec. 24 thirds 
Mercury: 115 days 52 min. 42 sec. 12 thirds 


When we have reduced these circuits to the degrees of a circle and multiplied 
by the ratio of 365 to the number of days and minutes, we shall have as the 
annual movements [of parallax]: 
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Saturn: SAn nea! QM) aad’) 
Jupiter: 320%, 25.87 16 ght 
Mars: 168738’ 29" 13" te" 
Venus: ao & aouns a 


Mercury: 3(360°)+ 53° 56’ 46” 54’ 40’ 
[135*] The three-hundred-sixty-fifth part of these is the daily movement: 


Saturn: 57!) 1 44 

Jupiter: 54’ 9” 3""" 49" 
Mars: at Oe oe 
Venus: 36’ 497 28/7 3500 


Mercury: 8° 6’ 24" 7’ 437” 


according as they are set out in the following tables, like the mean movement of 
the sun and moon. 

But we thought it unnecessary to set down their proper movements in this 
way. For the proper movements are determined by the subtraction of the move- 
ments of parallax from the mean movement of the sun, as the proper movement 
of the planet and the mean movement of parallax compose the mean movement 
of the sun. For the proper annual movements in relation to the sphere of the 
fixed stars are as follows for the upper planets: 


Saturn: 1292 4g%yQ" 62" 

Jimpiter. oo 219° 40"'51 "Sa 

Mars: 191° 16’,19” 53’ 527” 
But in the case of Venus and Mercury, since their proper movements are not 
apparent to us!, the movement of the sun itself is used by us instead; and it 
furnishes a way of investigating and demonstrating their apparent movements, 
in the following tables. 


1The proper movements of Venus and Mercury are not apparent to us in that their positions 
are never viewed without parallax. 
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Saturn’s MovEMENT OF PARALLAX IN YEARS AND PERIODS OF Sixty YEARS 


Egyptian Movement Egyptian Movement 
Years 60° 4 4 ij ‘pg Years 60° ° ’ ” m 
if 5 47 spe 3 9 31 5 33 33 or 59 
2 5 35 4 6 19 82 5 11 5 41 9 
3 5 22 36 9 29 7 5 8 37 44 19 
4 5 10 12 38 34 4 56 9 47 28 
5 4 57 40 15 48 35 4 43 41 50 38 
6 4 45 2 18 58 36 4 31 13 53 48 
7 4 32 44 22 7 37 4 18 45 56 57 
8 4 20 16 25 17 38 4 6 18 0 v4 
9 4 ai 48 28 Ag 39 34 53 50 3 Nee 
10 3 55 20 al 36 40 33 41 22 6 26 
11 3 42 52 34 46 41 3 18 54 y 36 
2 2 30 24 37 56 42 S 16 26 12 46 
13 3 17 56 41 5 43 3 3 58 15 oo 
14 3 5 28 44 15 44 2 ay 30 19 5 
HS a 53 0 47 25 45 2 39 2; 22 1s 
16 JA 40 32 50 34 46 2 26 34 20 24 
17 2 28 4 53 44 47 2 14 6 28 34 
18 2 15 36 56 54 48 2 1 38 ol 44 
19 2 3 9 0 3 49 1 49 10 34 53 
20 1 50 41 2 13 50 1 36 42 38 3 
ral 1 38 13 6 Ze 51 1] 24 14 4] tS 
22 1 25 45 9 32 52 ] el 46 44 22 
23 1] 13 7 12 42 53 0 59 18 47 32 
24 1] 0 49 15 52 54 0 46 50 50 42 
25 0 48 yl 19 1 55 0 34 22 43 51 
26 0 35 53 22 it 56 @) 21 54 57 iI 
27 0 23 25 25 21 57 0 9 el 0 11 
28 0 10 57 28 30 58 5 56 59 3 20 
29 5 58 29 S1 40 59 5 44 61 6 30 
30 5 46 1 34 50 60 5 32 3) 9 40 

SATURN’S MOVEMENT OF PARALLAX IN PERIODS OF Sixty Days 

Days Movement Days Movement 
60° ° , wy mw 60° Co] , ” wr 
] 0 0 57 fi 44 31 0 29 30 59 46 
2 0 it 54 15 28 32 0 30 28 7 30 
S 0 2 51 23 [4 a3 0 sail 25 15 14 
4 0 3 48 30 56 34 0 32 ye 22 58 
5 0 4 45 38 40 35 0) 33 19 30 42 
6 f) 5 42 46 24 36 0 34 16 38 26 
wf 0 6 39 54 8 37 0 35 13 46 1 
8 0 7 37 1 52 38 0 36 10 53 55 
9 0 8 34 9 36 39 0 2 8 1 39 
10 0 9 et 17 20 40 0 38 5 9 23 
11 0 10 28 25 4 41 0 39 2 17 7 
12 0 11 25 32 49 42 0 39 59 24 51 
13 8) 12 22 40 33 43 0 40 56 32 35 
14 0 13 13 48 17 44 0 41 53 40 19 
15 0 14 16 56 ] 45 0 42 50 48 a 
16 0 15 14 3 45 46 0 43 47 55 47 
ie 0 16 11 ve! 29 47 0 44 45 3 31 
18 0 17 8 19 13 48 a) 45 42 itil 16 
19 0 18 5 26 57 49 0 46 39 19 ) 
20 0 19 2 34 41 50 0 47 36 26 44 
21 0 19 59 42 25 ‘oll 0 48 33 34 28 
PoP 0) 20 56 50 9 52 0 49 30 42 12 
23 0 21 53 57 53 53 0 50 27 49 56 
24 0 2% 51 5 38 54 0 51 24 57 40 
25 0 23 48 13 Pigs 55 0 52 22 5 24 
26 0 24 45 Zl 6 56 0) 53 19 13 8 
27 0 25 42 28 50 57 0 54 16 20 BY 
28 0 26 39 36 34 58 0 55 13 28 36 
29 0 27 36 44 18 59 0 56 10 36 20 
30 0 28 33 aye 2 60 0 57 7 44 5 
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JUPITER’S MOVEMENT OF PARALLAX IN YEARS AND PERIODS OF Sixty YEARS 


Egyptian Movement Egyptian Movement 

Years 60° . ( a 4 Years 60° ¥: 4 ‘¢ mt 
it 5 29 25 8 15 31 2 11 59 15 48 
2 4 58 50 16 30 32 1 41 24 24 3 
3 4 28 15 24 ~ 45 33 | 10 49 32 18 
4 3 57 40 33 0 34 0 40 14 40 33 
5 3 27 5 41 15 35 0 9 39 48 48 
6 2 56 30 49 30 36 5 39 4 57 8 
7 2 25 55 57 45 37 5 8 30 5 18 
8 1 55 21 6 0 38 4 37 55 13 33 
9 1 24 46 14 15 39 4 7 20 21 48 
10 0 54 11 ae, 31 40 3 36 45 30 4 
101 0 23 36 30 46 41 3 6 10 38 19 
12 5 33) 1 39 1 42 2 35 25 46 34 
13 5 4 25 47 16 43 2 5 0 54 49 
14 4 51 51 55 31 44 1 34 26 3 4 
15 4 2 a7 3 46 45 1 3 51 11 19 
16 3 50 42 eZ 1 46 0 33 16 19 34 
a7, 3 20 i 20 16 47 0 2 41 a7 49 
18 2 49 82 28 Fo | 48 5 32 6 36 4 
19 2 18 57 35 46 49 5 1 31 44 19 
20 1 48 22 45 2 50 4 30 56 52 34 
or 1 7 47 58 17 51 4 0 22 0 50 
22 0 47 13 iL 32 52 3 29 47 9 5 
23 0 16 38 9 47 5a 2 59 12 17 20 
24 5 45 3 18 2 54 2 28 oye 25 33 
25 5 15 28 26 id. 55 1 58 2 33 50 
26 4 44 oo 34 32 56 ] 27 27 42 5 
27 4 14 18 42 47 57 0 56 52 50 20 
28 3 43 43 | 2 58 0 26 17 58 35 
29 3 13 8 59 17 59 5 55 43 6 50 
30 2 42 34 7 23 60 5 25 8 15 6 


JUPITER’S MOVEMENT OF PARALLAX IN PERIODS OF SIXTY Days 


Days Movement Days Movement 

60° ° , ” a 60° ° , ” ws 

1 0 0 54 9 3 31 0 20 58 40 58 
2 0 1 49 18 7 32 0 28 52 50 _ 2 
3 0 2 42 27 11 33 ‘MO 29 46 59 5 
4 0 3 36 36 15 34 0 30 41 8 9 
5 0 4 30 45 19 3D 0 31 35 17 13 
6 0) is 24 54 22 36 0 yy, 29 26 IHF 
F 0 6 19 3 26 37 0 33 23 35 2 
8 0 7 13 Wi 30 38 0 34 17 44 25 
9 0 8 7 21 34 39 0 35 11 53 29 
10 0 9 it 30 38 40 0 36 6 2 32 
11 0 9 55 39 41 41 0 37 0 11 36 
12 0 10 49 48 45 42 0 5 ff 54 20 40 
13 0 11 43 4 49 43 0 38 48 29 44 
14 0 12 38 6 O38 44 0 39 42 38 47 
15 0 13 32 18 57 45 0 40 36 47 6) 
16 0 14 26 25 1 46 0 41 30 56 55 
17 0 15 20 34 4 47 0 42 25 5 59 
18 0 16 14 43 > 8 48 0 43 19 15 2 
19 0 17 8 52 12 49 0 44 13 24 6 
20 0 18 3 1 16 50 0 45 g 33 10 
21 0 18 57 10 20 51 0 46 1 42 14 
22 0 19 51 19 23 52 0 46 55 51 18 
23 0 20 45 28 27 53 0 47 50 0 22 
24 0 PAlt 39 37 31 54 0) 48 44 9 26 
25 0 22 33 46 25 55 0 49 38 18 29 
26 0 23 27 55 39 56 0 50 32 77 33 
Pag 0 24 22 4 43 fay 0 51 26 36 ae 
28 0 25 16 13 46 58 0 ae. 20 45 41 
29 0 26 10 22 50 59 0 53 14 54 45 
30 0 27 4 31 54 60 0 54 9 3 49 
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Mars’ MovEMENT OF PARALLAX IN YEARS AND PERIODS OF SIxTy YEARS 


E. tan Movement Egyptian Morement 
pe 60° ° , * ot Years ° ? 7 ae 
1 2 48 28 30 36 31 3 2 43 48 38 
2 5 36 57 1 12 32 5 51 12 19 14 
3 2 25 25 31 48 33 2 39 40 49 50 
4 5 13 54 2 24 34 5 28 9 20 26 
5 2 2 22 33 0 35 2 16 37 51 2 
6 4 50 51 3 36 36 < iS 6 23 38 
i 1 39 19 34 12 on 1 bi 34 oe 14 
8 4 27 48 4 48 35 4 42 3 22 50 
Q 1 16 16 35 24 39 1 30 Sl 53 26 
10 4 4 45 6 0 40 4 19 0 24 2 
11 0 53 13 356 36 41 1 7 28 54 38 
- 3 41 42 ej 12 42 3 55 57 25 14 
13 0 30 10 37 46 43 0 44 25 55 50 
14 3 18 39 8 24 44 3 32 54 26 26 
15 a) FA 7 39 1 45 0 21 22 ny J 3 
16 2 oO 36 9 37 46 3 9g al 27 39 
bd 5 44 4 40 13 47 5 58 19 58 15 
18 2 32 3 10 49 48 2 46 48 28 51 
19 3 21 1 41 25 49 FS 30 16 59 27 
20 2 9 30 12 7 50 2 23 45 30 3 
21 4 57 58 42 37 51 5 12 14 0 39 
22 1 46 27 13 13 52 2 0 42 ou ls 
wes: 4 34 35 43 49 53 4 49 11 J 51 
24 1] 23 24 14 23 54 1 av 39 32 27 
25 4 11 52 45 1 55 4 206 8 3 3 
26 il 0 Zl 15 37 56 1 14 36 33 39 
27 3 48 49 46 13 or 4 3 5 4 tS 
28 0 37 18 16 49 58 0 &1 33 34 51 
29 3 25 46 47 25 59 | 3 40 2 io 27 
30 0 14 15 18 2 60 i 0 28 30 36 4 

Mars’ MoveMENT oF ParRaLusax IN PERIODS OF Srxty Days 

Days Aforement i Days : Movement 
60° ° ’ a” we 1 60° ° P a” oe 
1 0 0 27 41 40 31 0 14 18 31 51 
2 0 0 55 23 20 32 0 14 46 13 31 
3 0 1 23 5 1 33 0 15 14 55 12 
4 0 1 50 46 41 34 0 bs 41 36 52 
5 0 2 18 28 21 35 0) 16 9 18 32 
6 0 2 46 10 2 36 0 16 37 0 13 
7 0 3 ie 51 42 37 0 17 4 41 o3 
8 0 3 41 as 22 38 0 17 32 23 33 
+8) 0 4 g pts 3 39 0 18 0 5 14 
10 0 4 36 35 43 40 0 18 27 46 54 
11 0 a 4 38 24 41 0 18 55 28 3o 
12 0 35 32 20 4 42 0 19 23 10 15 
13 16) 6 0 1 44 43 0 19 50 51 Fs yo) 
14 0 6 27 43 25 44 0 20 18 33 36 
15 0 6 55 25 5) 45 0 20 46 RS 16 
16 0 7 23 6 45 46 8) ar 13 56 56 
17 0) 7 50 48 26 47 0 21 41 38 37 
18 0 8 18 30 6 48 0 22 9 20 17 
19 0 38 46 1l 47 49 0 22 37 1 57 
20 0 9 13 53 27 50 0 23 < 43 38 
21 rg) 9 41 30 7 oll 0 23 32 25 18 
22 0 10 9 16 48 52 0 24 0 6 59 
23 0 10 36 58 28 53 0 24 27 48 39 
24 0 11 4 40 8 54 0 24 55 30 19 
35 0) p U 32 21 48 33 0) 25 23 12 6) 
26 2) 12 0 oS 29 56 i 0 5) 50 53 40 
27 0 12 27 45 9 ot { 0 26 18 3o 20 
28 0 12 59 23 350 Sl © 23 «4 1 
29 0 13 23 8 30 59 | 0 a 13 58 41 
30 0 13 50 50 m CT 60 | 0 27 41 40 22 
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VEeNus’ MoveMENT OF PARALLAX IN YEARS AND PERIODS OF SrxTy YEARS 


Egyptian Movement Egyptian Movement 
Years 60° ° , < m Years 60° e , ” m 
1 > vis 1 45 3 31 5 ft 64 fie tos 
2 1 30 B 480 7 32 0 0 56 12 657 
3 5 15 5 145 Sha1 33 3 45 57 47 1 
4 3 0 7 O £14 34 t 8@ §9 32 4 
5 0 45 8 ”45 OG18 35 > 1 17] 8 
6 “ ‘$0 fo 30 S8e2 36 3 1 3 28 je 
Z 2 15 12 15-25 37 0 46 4,418 15 
8 0 eo i 0 29 38 4 31 6 32 19 
9 S @ 8 45. G33 39 2 16 8 17 & +93 
10 1 #6 87) 630. M36 40 0 1 10 2 26 
11 5 5 19 15 40 41 So & Mm +47 igo 
12 3 0 21 O <F 44 42 > 23 13 32 34 
13 0 45 22 45 47 43 6 © ff (a7 O37 
14 4 36 S34 30 $851 44 3 1 17 2 tl ay 
15 2 15 9 «4°15 7655 45 0 46 sis }47 1.45 
16 0 0 28 0 58 46 4 <8) 90 32 @1-48 
17 83 45 % (46 2 47 2 146 ‘22 17 \ 52 
18 / 20 2 ji 6 48 i) + 94 2 56 
19 5 mh we 16 9 49 3 46 2 47° 59 
20 3 0 35 1 13 50 r i “@ fea 3 
21 0 45 6 46 {&17 51 5 16 29 18 7 
22 4 @0 <8 |31 theo 52 3 , 1 3 10 
23 2 15 40 16 ~~ 24 53 0 46 32 £48 14 
24 0 0 42 1 28 54 » 38 Ge Ps 18 
25 8S 4 48 /46 2431 55 S 6 $6 18 2:9] 
26 1 30 45 381 35 56 0 h ag8 3 25 
27 5 15 47 16 39 57 $ 46 89 /48 ‘© 99 
28 3 0 49 1 42 58 1 st 41 | 88 Slee 
29 0 6 |648@06—C HOC«iCiKGSSNNEG 59 5 16 48 18 36 
30 4 20 #52 £4231 50 60 3 1 45 3 % 40 

Venus’ MovEMENT OF PARALLAX IN PERIODS OF SIxtTy Days 

Days Movement Days Movement 
60° ° , a” ws 60° ° ’ ” ws 
1 0 6 36 /59 lL 28 31 6 6 438 46 
2 0 1 13 5s &2 57 32 5 bm Ss he 14 
3 0 f & bes 5 33 te io @ 2* BB 
4 0 4 em ia Pass 34 © 20 ww | 42 fi 
5 0 3 4 57 22 35 0 8 & 41 8 “0 
6 0 s Mm se Mee 36 6 2 nm 64 9 
7 ) 4 18 56° 20 37 0 S$ +4 40 * 87 
8 0 4 55 55 £448 38 0 8 3 (40 6 
9 0 5 (55 Yh17 39 O 24 > go 4. ae 
10 0 6 9 54 £45 40 0 &% 8 °|39 3 
11 0 6 46 54 14 41 Oo @ i (38 esi 
12 0 an a eee 42 0 2 53 °& 38 0 
13 0 8 0 53 11 43 0 % 8 (37 %* 99 
14 0 8 $87 52 40 44 Oo 87 y 686 8 ME7 
15 0 9 14 652 8 45 6 27 & j36 0! 96 
16 0 > A Si 37 46 6 wm F a5 54 
17 > 6 £8 1 5 47 © 2 68 (|35 *! 28 
18 0 5 50° 34 48 0 29 35 34 °° 52 
19 > tt £ (50 2 49 6 2 8 |34 * 20 
20 0 @ ib (|4 31 50 0 30 49 | 38 \ 49 
21 0 12 56 48 £59 51 0 31 2% 33 17 
22 0 8 388 (48 28 52 b B ise “46 
23 °c + b [47 57 53 ® 32 4 (32 “i 
24 > @ BB a 26 54 0 33 7” (31 #2 
25 0 15 24 46 £454 55 © se f /31 12 
26 6 6 1 46 23 56 0 34 31 #30 ° +40 
27 6 @% 38 (45 51 57 Oo BR 130 9 
28 o 15 45 20 58 0 35 45 29 87 
29 0 17 #452 44 °& 48 59 0 36 22 ° 29 6 
30 0 8 2» 4 “17 60 0 36 59 £428 85 
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Mercury’s MovEeMENT OF PARALLAX IN YEARS AND PERIODS OF Sixty YEARS 


Egyptian Movement Egyptian Movement 

ears 60° fe} 4 ” at Years 60° ° , ” ast 

1 0 53 57 23 6 Br 3 52 38 56 21 

2 1 47 54 46 13 32 4 46 36 19 28 

o 2 41 4 9 i9 33 5 40 33 42 34 

4 3 35 49 32 26 34 0 34 31 5 41 

5 4 29 46 wo oa my 1 28 28 28 47 

6 5 23 44 18 39 36 2 22 25 51 54 

i 0 17 41 41 45 37 3 16 23 15 0 

8 1 if 39 4 52 38 4 10 20 38 7 

.e) 2 5 36 27 58 39 5 4 18 1 13 
10 2 59 33 5a 5 40 5 58 15 24 20 
11 3 53 31 14 1” 41 0 59) 12 47 26 
ile 4 47 28 37 18 42 I 46 10 10 33 
13 5 41 26 0 24 43 2 40 vA 33 39 
14 0) 35 23 23 31 44 3 34 4 56 46 
15 1 29 20 46 oe 45 4 28 2 19 52 
16 2 2a 18 9 44 46 5 21 59 42 59 
We 3 17 15 32 50 47 0 15 57 6 g 
18 4 14 12 55 57 48 1 9 54 29 12 
19 5 5 10 19 3 49 2 2 51 52 18 
20 5 59 7 42 10 50 2 57 49 15 26 
21 0 53 > 5 16 51 3 St 46 38 31 
22 1 47 2 28 23 52 4 45 44 Z 38 
23 2 40 59 51 29 oa 5 39 41 24 44 
24 3 34 57 14 36 54 0 ao 38 47 5} 
25 4 28 54 37 42 55 1 Oh, 36 10 57 
26 5 22 52 0 49 56 2 Pm 33 34 4 
27 0 16 49 23 55 ay / 3 Kk 30 57 10 
28 1 10 46 47 2 58 4 9 28 20 Tt? 
29 2 4 44 10 8 59 5 3 25 43 23 
30 2 58 41 33 15 60 5 57 23 6 30 


Mercury’s MovEMENT OF PaRALLAX IN PERIODS oF Sixty Days 


Days Movement Days Movement 

60° ° , ” ms 60° ° , ” mr 

1 0 3 6 24 13 31 1 36 18 31 3 
2 0 6 2 48 27 32 i 39 24 55 17 
3 0 9 19 12 41 33 1 42 31 19 31 
4 0 12 20 36 o4 34 1 45 37 43 44 
5 0 15 32 1 8 35 1 48 4. 7. 58 
6 0 18 38 25 22 36 1 51 50 32 12 
“i 0 Zi d4 49 35 37 1 54 56 56 25 
8 0 24 ol 13 49 38 1 58 3 20 39 
9 0 yw 57 38 3 39 2 1 9 44 53 
10 0 31 i 2 16 40 2 a 16 9 6 
1l 8) 34 10 26 30 41 2 r 22 33 20 
12 0 37 16 50 t+ 42 2 10 28 57 34 
13 0 40 23 14 57 43 2 13 35 21 47 
14 0 43 29 39 11 44 4 16 41 46 i: 
15 0 46 36 3 25 45 4 19 48 10 15 
16 0 49 42 27 38 46 2 22 54 34 28 
Ws 0 52 48 51 52 47 2 26 0 58 42 
18 0 55 55 16 6 48 2 29 7 ae 56 
19 0 59 1 40 19 49 2 32 13 47 9 
20 1 Z 8 4 33 50 2 35 20 11 23 
21 1 5 14 28 47 51 y 38 26 35 37 
24 iH 8 20 53 0 52 2 41 32 59 50 
23 1 11 2% 17 14 53 2 44 39 24 4 
24 1 14 33 41 28 54 2 47 45 48 18 
25 1 17 40 5 41 55 2 50 52 AZ 3l 
26 1 20 46 29 55 56 P 53 58 36 45 
27 1 23 52 54 9 57 4 57 5 0 59 
28 1 26 59 18 22 58 3 8) 11 25 12 
29 1 30 5 42 36 59 3 3 14 49 26 
30 1 33 12 6 50 60 3 6 24 13 40 
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2. DEMONSTRATION OF THE REGULAR AND APPARENT MOVEMENTS OF 
THESE PLANETS ACCORDING TO THE THEORY OF THE ANCIENTS 


[1405] Accordingly this is the way the mean movements are. Now let us turn 
to the apparent irregularity. The ancient mathematicians who kept the earth 
immobile imagined in the case of Saturn, Jupiter, Mars, and Venus eccentric 
circles bearing epicycles, and another further eccentric circle, with respect to 
which the epicycle and the planet in the epicycle should move regularly. 

In this way let AB be an eccentric circle, and let its centre be at C. Let ABC 
be its diameter, whereon D is the centre of the 
Earth, so that A is the apogee and B the perigee. 
Let DC be bisected at E, and with E as centre let 
FG another eccentric circle to the first be describ- 
ed. Let H be anywhere on this eccentric circle, and 
with H as centre let the epicycle JK be described. 
Through its centre let there be drawn the straight 
line JH KC and similarly LH M/E. Now let it be un- 
derstood that on account of the latitudes of the 
planet the eccentric circles are inclined to the plane 
of the ecliptic and similarly the epicycle to the 
plane of the eccentric circle; but here they are rep- 
resented as if in one plane for the sake of ease of 
demonstration. Accordingly the ancients say that 
this whole plane together with points # and C 
moves around D—the centre of the ecliptic—in the 
movement of the sphere of the fixed stars: by this they mean that these points 
have unchanging positions in the sphere of the fixed stars. And they say that 
the epicycle moves eastward in circle FHG but in accordance with line JHC, and 
in relation to this line the planet revolves regularly in epicycle JK. But it is clear 
that the regularity of the epicycle should occur in relation to E£ the centre of its 
deferent!, and the revolution of the planet in relation to line L/E. Accordingly 
they concede that in this case the regularity of the circular movement can occur 
with respect to a foreign and not the proper centre; similarly and more so in the 
case of Mercury. But I think I have already made a sufficient refutation of that 
in the case of the moon. These and similar things furnished us with an occasion 
for working out the mobility of the Earth and some other ways by which regu- 
larity and the principles of this art might be preserved, and the ratio of apparent 
irregularity rendered more constant. 


3. GENERAL DEMONSTRATION OF APPARENT IRREGULARITY 
ON ACCOUNT OF THE MOVEMENT OF THE EARTH 


[1414] Accordingly there are two reasons why the regular movement of a 
planet should appear irregular: on account of the movement of the Earth and 
on account of its proper movement. We shall make both of them clear generally 
and. separately by ocular demonstration, whereby they can be better dis- 
tinguished from one another; and we shall begin with the movement which 
mixes itself with all of them on account of the movement of the Earth: and first 


1The deferent of an epicycle is the circle on the circumference of which the centre of the 
epicycle moves. 
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in the case of Venus and Mercury, which are comprehended by the [orbital] 
circle of the Earth. 

Therefore let AB be the circle eccentric to the sun, which the centre of the 

Earth describes during its annual circuit in the 

B way we explained above; and let C be its centre. 

But now let us put down that the planet has no 

other irregularity except this one; and that will 


om tbe the case if we make DE, the orbital circle of 
Venus or Mercury, homocentric with AB; and 
DE should be inclined to AB on account of its 
latitude. But for the sake of ease of demonstra- 


tion they can be thought of as if in the same 


plane. Let the Earth be assumed at point A; and 
from A let there be drawn the lines of sight AFL 
and AGM touching the circle of the planet at 
A points F and G; and let ACB the diameter com- 


mon to both circles be drawn. 

Now let the movement of both the Earth and 
the planet be in the same direction, 7.e., eastward, but with greater velocity in 
the case of the planet than in that of the Earth. Therefore C and line ACB will 
appear to the eye borne along at A to move in accordance with the mean move- 
ment of the sun; but the planet in circle DFG as in an epicycle will traverse arc 
FDG eastward in greater time than it will the remaining arc GEF westward; 
and in the upper arc it will add the total angle FAG to the mean movement of 
the sun, and in the lower arc will subtract the same. Accordingly where the sub- 
tractive movement of the planet, especially around E the perigee, is greater 
than the additive [movement] of C, it will seem to A to retrograde in proportion 
to the excelling [movement]—as happens in these planets, when line CE has a 
greater ratio to line AF than the movement at A has to the movement of the 
planet, according to the demonstrations of Apollonius of Perga, as will be said 
later. But where the additive movement.is equal to the subtractive, [141°] the 
planet will seem to come to a stop on account of the mutual equilibrium; all this 
agrees with the appearances. 

Accordingly if there were no other irregularity in the movement of the planet, 
as Apollonius opined, this would be sufficient. But the greatest angular elonga- 
tions from the mean movement of the sun, which 
these planets have in the morning and evening . 
and which are understood by angles FAE and 
GAE, are not everywhere equal, neither the one 
to the other, nor are the sums of the two equal; 
for the apparent reason that the route of these 
planets is not along circles homocentric with the 
terrestrial circle but along certain others, by 
which they effect the second irregularity. 

The same thing is also demonstrated in the 
case of the three upper planets, Saturn, Jupiter, 
and Mars, which circle around the Earth. For let 
theformer circle of the Earth be drawn again, and 
let DE be as an exterior homocentric circle in the 
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same plane: let the position of the planet be taken anywhere, at point 
D; and from D let there be drawn DACBE the common diameter and DF and 
DG straight lines touching the orbital circle of the Earth at points F and G. 
It is manifest that from point A only will the true position of the planet in 
DE the line of mean movement of the sun be apparent, when the planet is 
opposite the sun and is nearest to the Earth. For when the Earth is in the oppo- 
site position at B, the opposition [of the planet and the sun], although in the same 
straight line, will not be at all apparent on account of the closeness of the sun to 
C. But as the movement of the Earth is speedier, so thatit outruns the movement 
of the planet, it will seem along FBG thearc of apogee to add thetotal angle GDF 
to the movement of the planet and along the remaining arc GAF to subtract 
the same, according as are GAF is smaller. But where the subtractive movement 
of the Earth excels the additive movement of the planet, especially in the 
neighbourhood of A, the planet will seem to be left behind by the Earth, to 
move westward and to come to a stop at the place where there is least difference 
between the movements which are contrary according to sight. 

And so it is once more manifest that all these apparent movements—which 
the ancients were looking into by means of the epicycles of the individual planets 
—occur on account of the movement of the Earth. But since in spite of the 
opinion of Apollonius and the ancients the movement of the planet is not found 
regular, as the irregular revolution of the Earth with respect to the planet pro- 
duces that; accordingly the planets are not carried in a homocentric circle but 
in some other which we shall demonstrate straightway. 


4. WuHy THE PROPER MOVEMENTS OF THE PLANETS 
APPEAR [IRREGULAR 


(142*] But since their proper movements in longitude follow approximately 
the same mode except for E 

Mercury, which is seen to 
differ from them, we shall 
treat of those four planets 
together, but another place 
has been given over to 
Mercury. Accordingly as 
the ancients placed one 
movement in two eccentric 
circles, as was shown, we 
have decreed two regular 
movements out of which 
the apparent irregularity 
is compounded either by a 
circle eccentric to an eccen- 
tric circle, or by the epicycle 
of an epicycle or by a com- 
bination of an eccentric cir- 
cle carrying an epicycle. For 
they can all effect the same 
irregularity, as we demon- 
strated above in the case of 
the sun and the moon. 
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Accordingly let AB be an eccentric circle around centre C. Let ACB be the 
diameter drawn through the highest and lowest apsis of the planet and con- 
taining the mean position of the sun.On ACB let D be the centre of the orbital 
circle of the Earth; and with the highest apsis A as centre and the third part of 
CD as radius, let epicycle EF be described. Let F be its perigee, and let the planet 
be placed there. Now let the movement of the epicycle along eccentric circle AB 
take place eastward; and let the movement of the planet in the upper arc [of 
the epicycle] take place similarly eastward [142>] but in the remaining arc 
westward; and let the revolutions of the epicycle and the planet be propor- 
tionately equal to one another. 

On that account when the epicycle is at the highest apsis of the eccentric 
circle and the planet on the contrary is at the perigee of the epicycle, the 
relation between their movements is reversed! with respect to one another, 
since both the planet and the epicycle have traversed their semicircle. But in 
both mean quadrants each will have its mean apsis, and then only will the 
diameter? of the epicycle be parallel to line AB; and at the midpoints [be- 
tween the mean quadrants and the perigee or apogee] the diameter will be 
perpendicular to AB: the rest of the time always moving towards AB or 
moving away. All that is easily understood as following from the movements. 

Hence it will also be demonstrated that by this composite movement the 
planet does not describe a perfect circle in accordance with the theory of the 
ancient mathematicians but a curve differing imperceptibly from one. 

For let the same epicycle KL be drawn again, and let B be its centre. Let 
AG the quadrant of a circle be assumed, and let HJ be an epicycle around G. 
Let CD be cut into three equal parts, and let 

CM =4CD=GI. 
And let GC and 1M, which cut one another at Q, be joined. 

Accordingly since, by hypothesis 
arc AG=are HI 


and 
than angle ACG=90°; 
And angle HGI =90°. 


angle 1QG=angle MQC, 
because they are vertical angles. Therefore triangles GJQ and QCM are equi- 
angular; and they have correspondingly equal sides, since by hypothesis 


aid base GI =base CM. 
therefore QI>QC=QM >QG; 
but IQM >GQc,_ 


FM=ML=AC=CG. 
Therefore the circle which is described around centre M through points F 
and L and is hence equal to circle AB will cut line 71. The same demonstra- 


1That is to say, during the hemicycle of movement wherein the epicycle is passing from the 
lowest to the highest apsis of the eccentric circle and the planet is passing from the apogee to 
the perigee of the epicycle, the movement on the epicycle adds to the movement on the ec- 
centric circle; but during the hemicycle wherein the epicycle is passing from the highest to the 
lowest apsis, the movement on the epicycle subtracts from the movement on the eccentric 
circle. 

In this passage Copernicus is speaking as if the planet were borne around the epicycle by 
the revolving diameter, although he usually speaks as if the diameter of the epicycle pointed 
perpetually at the centre of the homocentric circle. 
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tion will hold in the opposite quadrant. Accordingly by the regular move- 
ments of the epicycle in the eccentric circle the planet in the epicycle will not 
describe a perfect circle but a quasi-circle—as was to be demonstrated.} 

Now around centre D let NO the annual orbital circle of the Earth be de- 
scribed; let JDR be extended; and let PDS be drawn parallel to CG. Accord- 
ingly JDRF will be the straight line of the true movement of the planet; GC, 
the straight line of the mean and regular movement. And F will be the true 
apogee of the Earth with respect to the planet; and S, the mean apogee. Ac- 
cordingly angle RDS or [DP is the difference between the regular and the ap- 
parent movement of both, namely between angle ACG and angle CDI. 

But in place of eccentric circle AB we may take an equal homocentric circle 
around D as the deferent of the epicycle, whose radius is equal to DC and 
which is the deferent of the other epicycle, whose semi-diameter is half 1 D.? 
Now let the first epicycle be moved [1437] eastward, but the second in the 
opposite direction; and lastly let the planet on it [7.e., on the second epicycle] 
be deflected by the twofold movement. The same things will happen as before 
and no differently from in the moon, or by some other of the aforesaid modes. 

But here we have chosen the eccentric circle bearing the epicycle, because 
by remaining always between the sun and C centre D is meantime found to 
have changed, as was shown in the case of solar appearances. But as the re- 
maining appearances do not accord proportionately with this change there 
must be some other irregularity in those planetary movements: this irregu- 
larity, although very slight, is perceptible in the case of Mars and Venus, as 
will be seen in the right place. 

Accordingly we shall soon demonstrate from observations that these hypo- 
theses are sufficient for the appearances; and we shall do that first in the case 
of Saturn, Jupiter, and Mars: in them the position of the apogee and the dis- 
tance CD are very difficult to find and of the greatest importance, since the 
rest is easily demonstrable by means of the apogee and the distance CD. 
Now in this case we shall use the method we used concerning the moon, namely 
a comparison of three ancient solar oppositions with the same number of 
modern ones, which the Greeks call their ‘‘acronychial gleams” and we the 
“deeps of the night,’’ namely when the planet opposite the sun falls upon 
the straight line of the mean movement of the sun, where it throws off all 
that irregularity which the movement of the Earth brings to it. Such positions 
are determined by observations with an astrolabe and by computation of the 
oppositions of the sun, until it is clear that the planet has arrived at a point 
opposite the sun. 


5. DEMONSTRATIONS OF THE MOVEMENT OF SATURN 


Accordingly we shall begin with Saturn by taking three oppositions once ob- 
served by Ptolemy. The first of them occurred in the 11th year of Hadrian on 


1As has been pointed out, if in the foregoing diagram we consider a point 
X so situated on semi-diameter CA that CX is equal toG/ (and consequently 
DM is equal to M7 X), then since the planet on reaching point J has expended 
one quarter of its periodic time and has traversed one quarter of a full revolu- 
tion about point X, evidently point X is analogous to the centre of a Ptole- 
maic equant, point M (the centre of the quasi-circle) to the centre of the 
Ptolemaic deferent, and point D (the centre of the sun for Copernicus) to the 
centre of the Earth. 


2As in the accompanying diagram: 
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the 7th day of the month Pachom at the first hour of night; in the year of Our 
Lord 127 on the 7th day before the Kalends of April, 17 equal hours after mid- 
night in relation to the Cracow meridian, which we find an hour distant from 
Alexandria. Now the position of the planet in relation to the sphere of the fixed 
stars, to which as to the starting-point of the regular movement we are referring 
all these things, was found to be at approximately 174°40’, since [143 ] the sun 
by its simple movement was then opposite at 354°40’ from the horn of Aries, the 
starting-point assumed. 

The second opposition was in the 17th year of Hadrian on the 18th day of the 
month Epiphi by the Egyptian calendar; but by the Roman, in the year of Our 
Lord 133 on the 3rd day before the Nones of June, 11 equatorial hours after 
midnight: he found the planet at 243°3’, while by its mean movement the sun 
was at 63°3’, 15 hours after midnight. 

He recorded the third as occurring in the 20th year of Hadrian on the 24th 
day of the month Mesori by the Egyptian calendar; which was in the year of 
Our Lord 136 on the 8th day before the Ides of July, 11 hours after midnight 
(similarly according to the Cracow meridian) at 277°37’, while by its mean 
movement the sun was at 97°37’. 

Accordingly in the first interval there are 6 years 70 days 55 minutes [of a day], 
during which the planet is moved 62°23’ in relation to sight, and the mean move- 
ment of the Earth with respect to the planet, 7.e., the movement of parallax, is 
352°44’. Accordingly the 7°16’ in which the circle is deficient belong to the mean 
movement of the planet, so that it is 75°39’. 

In the second interval there are 3 Egyptian years 35 days 50 minutes; the 
apparent movement of the planet is 34°34’, [the movement] of parallax 356°43’; 
and the remaining 3°17’ of a circle are added to the apparent movement of the 
planet, so that the mean movement is 37°51’. 

After this survey let ABC the eccentric circle of the planet be described. Let 
D be its centre, and FDG its 
diameter, whereon E is the cen- 
tre of the great orbital circle of 
the Earth. Now let A be the 
centre of the epicycle at the 
first opposition to the sun; B, 
at the second; and C, at the 
third; and around them let the 
same epicycle be described with 

» a radis equal to one-third of 
DE. Let the centres A, B, and 
C be joined to D and £ by 
straight lines, which will cut 
the circumference of the epi- 
cycle at points K, L, and M. 
And let there be taken are KN 
similar to AF, are LO similar 
to BF, and MP similar to 
FBC; and let EN, HO, and EP 
be joined. Therefore by com*- 
putation 
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arc AB =75°39’ 
and 
ard Q=377 hl) ; 
and of the angles of apparent movement, 
angle NEO =68°23’ 
and a 
angle OF P = 34°34’. 

Our problem is to examine the positions of highest and lowest apsis, 7.e., of 
F and G, together with the distance DE between the centres, without which 
there is no way of discerning the regular and the apparent [144*] movement. 

But here too we run into as great a difficulty as in this part of Ptolemy, since, 
if the given angle NEO comprehended the given arc AB, and [angle] OP [arc] 
BC, the entrance to demonstrating what we are looking for would be already 
opened. But the known are AB subtends the unknown angle AEB, and similarly 
the unknown angle BEC is subtended by the known arc BC;; for it was necessary 
for both of them to be known. But AEN, BEO, and CEP, the differences be- 
tween the angles, cannot be perceived, unless arcs AF, FB, and FBC are first 
set up as similar to those on the epicycle; accordingly these things are mutually 
dependent so as to be simultaneously known or unknown. Therefore those who 
were destitute of the means of demonstration relied upon detours and the a 
posteriort method, as the straightforward and a priort approach was not open. 
So Ptolemy in this investigation expended his energies in a prolix argument and 
a great multitude of calculations, which I judge boring and supererogatory to 
review, especially as in our calculations, which follow, we shall copy the same 
method approximately. 

Finally in going over his calculations again he found that 

arc AF =57°1', 
arc BF = 18°37’, 


and 
arc FBC =5614°. 
But 
ecc. = 6" 50’, 
where DF =60?. 
But 
ecc. = 1139, 
where DF = 10,000. 
phe 34(1139) = 854, 
hi 14 (1139) = 285. 
Hence DE=854 
— rad. ep = 285. 


Making these assumptions and borrowings for our hypothesis, [144°] we shall 
show that these things agree with the appearances observed. 

Now at the first solar opposition, in triangle ADE, 
side AD =10,000, 


side DE =854; 
angle ADE = 180°—angle ADF. 


and 


and 
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Hence, by means of what we have shown concerning plane triangles, 
side AE = 10,489, 


and 
angle DEA =53°6’, 
and 
angle DAE =3°55’, 
where 4 rt. angles =360°. 
But 


angle KAN =angle ADF =57°1’. 

Therefore by addition 

angle NAE =60°56’. 
Accordingly in triangle NAE two sides are given: 

side AH = 10,489, 
side NA = 285 
where AD = 10,000, 

and 
angle NAE is given. 


angle AEN = 1°22’; 


Hence 


and, by subtraction, 
angle NED =51°44’, 
where 4 rt. angles = 360°. 
Similarly at the second solar opposition. For in triangle BDE 
side DE = 854, 
where BD= 10,000; 


| angle BDE = 180° — BDF = 161°22’. 
So triangle BDE too has its sides and angles given: 
side BE = 10,812, 
where BD = 10,000, 


and 


and 

angle DBE = 1°27’, 
and 
But angle BED=17°11’. 


angle OBL=angle BDF = 18°36’. 
Therefore, by addition 
angle EBO =20°3’. 
Accordingly in triangle EBO two sides are given together with angle FBO: 
BE=10,812 ° 


BO =285. 
By what we have shown concerning plane triangles 
angle BEO =32’. 


angle BED = 16°39’. 
Moreover, in the third solar opposition, in triangle CDE, as before, 
side CD is given 


and 


Hence 


and 
side DE is given; 


angle CDE = 180° — 56°29’. 


and 
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By the fourth rule for plane triangles 
base CE = 10,512, 
where C'D = 10,000; 

and 

angle DCE =3°53’ 
and, by subtraction, 

angle CHD =52°36’. 
Therefore, by addition, 

angle ECP = 60°22’, 
where 4 rt. angles = 360°. 

So also in triangle ECP two sides are given together with angle ECP; further- 
more, 

angle CEP = 1°22’, 
whence, by subtraction, 

angle PED=51°14’. 

Hence, of the total angles of apparent movement, 

angle OLN = 68°23’, 
and 

angle OF P =34°35’, 
which agree with the observations. And the position of the highest apsis of 
of the eccentric circle 

F = 226°20’ 
from the head of Aries. And as the then existing precession of [145°] the spring 
equinox was 6°40’, 
226°20’ + 6°40’ = 23° of Scorpio, 
in accordance with Ptolemy’s conclusion. For the apparent position of the 
planet at this third solar opposition, as was reported above, was 227°37’. 
And as the angle of apparent movement, | 
angle PED=51°14’. 

Hence 

227°37' —51°14’ = 226°23’, 
which is the position of the 
highest apsis of the eccentric 
circle. 

Now let there be described 
RST the annual orbital circle 
of the Earth, which will cut ~ 
line PE at point RF; and let the 
diameter SET be drawn paral- 
lel to the line of mean move- 
ment of the planet. 
Accordingly, as 

angle SED =angle CDF, 
angle SER will be the differ- 
ence and the additosubtraction 
between the apparent and 
mean movement, 2.e., between 
angles CDF and PED, and 

angle SER =5°16’. 
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And there is the same difference between the mean and the true movements 
of parallax. Now 

are RT =180°—are SER = 174°44', 
which is the regular movement. of parallax from starting-point T, t.e., from 
the mean conjunction of the sun and the planet, to this third solar opposition 
or true opposition of the Earth and the planet. 

Accordingly at the time of this observation, namely in the 20th year of the 
reign of Hadrian, but in the 136th year of Our Lord on the 8th day before the 
Ides of July, 11 hours after midnight, we have the movement of anomaly of 
Saturn from the highest apsis of its eccentric circle as 564°, and the mean 
movement of parallax as 174°44’, as was timely to pain on account of 
what follows. : 


6. On THREE OTHER SOLAR OPPOSITIONS OF SATURN RECENTLY OBSERVED 


[145>] Now since the computation of the movement of Saturn handed down 
by Ptolemy has no small discrepancy with our times, and since it cannot be 
understood right away in what quarter the error lies, we are forced to make new 
observations, out of which we have again taken three solar oppositions. The 
first opposition was in the year of Our Lord 1514, on the 3rd day before the 
Nones of May 1}¢ hours before midnight, at which time Saturn was discovered 
at 205°24’. 

The second was in the year of Our Lord 1520 on the third day before the Ides 
of July at midday, and the planet was at 273°25’. 

The third was in the year of Our Lord 1527 on the 6th day before the Ides of 
October 6% hours after midnight; and Saturn appeared at 7’ from the horn of 
Aries. 

Accordingly between the first and second solar oppositions there are 6 Egyp- 
tian years 70 days 33 minutes [of a day], during which time the apparent move- 
ment of Saturn is 68°1’. 

From the second to the third there are 7 Egyptian years 89 days 46 minutes, 
and the apparent movement of the planet is 86°42’; and the mean movement 
during the first interval is 75°39’; and during the second, 88°29’. Accordingly in 
investigating the highest apsis and the eccentricity, we must at first abide by 
the rule of Ptolemy, just as if the planet moved in a simple eccentric circle; and 

although that is not sufficient, nevertheless we 

shall be led fairly near and shall arrive at the 
truth more easily. 

Accordingly, let ABC be the circle in which the 
planet is moved regularly: and let the first oppo- 
sition be at A, the second atB, and the third at C. 
Let the centre of the orbital circle of the Earth be 

E taken within it as D. Let AD, BD, and CD be 

joined, and let any one of them be extended in a 

straight line to the opposite part of the circum- 

ference—say CDE—and let AE and BE be joined. 

Accordingly, since 

angle BDC = 86°42’, 
where 2 rt. angles = 180°; 
angle BDE =[(1465] 93°18’; 
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but angle BDE = 186°36’, 
where 2 rt. angles = 360°. 


And, as intercepting are BC, 
angle BED =88°29’, 


angle DBE =84°55’. 
Accordingly, as the angles of triangle BDE are given, the sides are given by the 
table: 


and 


BE=19,953 


DE=13,501 
where diameter of circle 
circumscribing triangle = 20,000. 
Similarly in triangle ADE, since 
angle ADC = 154°43’, 
where 2 rt. angles = 180°; 
angle ADE =180°—angle ADC = 25°17’; 


and 


but 
angle ADE = 50°34’, 
where 2 rt. angles = 360°. 
And, as intercepting arc ABC, 
angle AED = 164°8’, 


angle DAE =145°18’: 
hence the sides are established: 


and 


DE=19,090 
and 
AE =8,542, 
where diameter of circle 
— circumscribing triangle ADE = 20,000. 
u 
AE =6,048 
where DE = 13,501 and 
BE=19,953. 


Hence too, in triangle ABE, these two sides BE and EA have been given; 
and, as intercepting arc AB, 
angle AEB =75°39’. 
Accordingly by what we have shown concerning plane triangles, 


AB=15,647 
where BE = 19,968. 
But according as 
ch. AB=12,266, 


where diameter of 
eccentric circle = 20,000; 
EB=15,664 


DE= 10,599. 
Accordingly, in proportion to chord BE, 
arc BAE =103°7’. 


and 


Hence, by addition, 
arc EABC = 191°36’; 
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and 
arc CE =360°—are EABC = 168°24’; 
and hence 
ch. CDE = 19,898. 
And 


CD=CDE—-DE=9,299. 

And now it is manifest that, if CDE were the diameter of the eccentric circle, 
the positions of highest and lowest apsis would fall upon it, and the distance be- 
tween the centres would be evident; but because segment HA BC is greater, the 
centre will be in it. Let F be the centre, and let the diameter GF DG be extended 
through F and D, and let FAL be es at right angles to CDE. 

Now it is manifest that 

rect. CD, DE=rect. GD, DH. 


But 
rect. GD, DH-+sq. FD=sq. (46GDH) =sq. FDH. 
Accordingly 
sq. PDH —rect. CD, DE=sq. FD. 
Therefore 
FD=1,200 
where radius GF = 10,000; 
but 
' FD=7?12’ 


where radius = 60?, 
[1465] which differs little from Ptolemy. 


But since 
E= il = 
eal CDK =44CDE =9,949 
CD =9,299, 
therefore 
DK =CDK—CD =650, 
where GF = 10,000 
But and FD =1,200. 
DK=5,411 
‘ where FD = 10,000. 
And since 


DK=% ch. 2 DFK, 
angle DF K =32°45’, 
where 4 rt. angles = 360°; 
and as standing at the centre of the circle it intercepts a similar chord and are 
HL on the circumference. 
But 

arc CHL =14CLE = 84°13’; 
therefore ; 
are CH = CHL—AL=51°28’, 
which is the distance from the third opposition to the perigee. 
Now 

180°—51°28’ = CBG = 128°32’ 
from the highest apsis to the third opposition. And since 
arc CB =88°29’, 
arc BG=CBG—CB=40°3’, 
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from the highest apsis to the second solar opposition. Then, as 
are BGA =75°39’, 
arc GA = BGA — BG =35°36’ 

from the first opposition to the apogee G. 

Now let ABC be a circle with diameter FDEG, centre D, apogee F, perigee 
G. Let 

arc AF =35°36’, 
arc FB=40°3’, 
and 
are FBC =128°32’. 
Now let DE be taken as three 
quarters of what has already 
been shown to be the distance 
between the centres, 7.e., let 
DE=900; 
and 
quarter distance = 300 
where radius = 10,000. 

And with that quarter distance 
as radius, let the epicycle be de- 
scribed around centres A, B, 
and C—and let the figure be 
completed according to the hy- 
pothesis set before us. But if 
with this lay-out we wish to 
elicit the observed positions of 
Saturn [147?] by the method 
handed down above and soon to be repeated, we shall find some discrepancy. 

And—to speak briefly, so as not to burden the reader with many words or 
seem to have laboured more in indicating by-ways than in pointing out the high 
road—these things will, by means of what we have shown concerning triangles, 
necessarily lead us to the conclusion that 

angle NEO =67°35’ 


and 
angle OEP =87°12’. 
But angle OEP is 14° greater than the apparent angle, and the angle NEO is 
26’ smaller. And we find that they square with one another only if we move the 
apogee forward a little, and set up | 
arc AF =38°50’, 
arc FB =36°49’, 
arc FBC = 125°18’, 
DE =8854, 
which is the distance between the centres, and 
rad. ep. = 285, 
where FD = 10,000; 
and that agrees approximately with Ptolemy, as set out above. For it is clear 
from this that these magnitudes agree with the three apparent solar oppositions 
observed. 


REVOLUTIONS OF HEAVENLY SPHERES, V 753 
Since at the first opposition, in triangle ADE, 
side DE =854, 
where AD = 10,000, 
angle ADE =141°10’, 
where angle ADE-+-angle ADF =2 rt. angles; 


and 


hence it is shown that 
side AK = 10,679, 
where radius FD = 10,000, 
angle DAE =2°52’, 


angle DEA =35°58’. 
Similarly in triangle AEN, since 
: angle KAN =angle ADF; 
angle HAN =41°42’, 


and 


and 
side AN = 285, 
where AE = 10,679. 
Hence 
angle AEN = 1°3’. 
But 


angle DEA =35°58’; 
accordingly, by subtraction, 
angle DEN =34°55’. 
In the second solar opposition triangle DEB has two sides given: 
DE =854, 
where DB = 10,000 


and 
angle BDE =153°11’. 
Accordingly 
BE= 10,697, 
angle DBE = 2°45’, 
and 
angle BED =34°4’. 
But 


angle LBO=angle BDF; 
therefore, as at the centre, 
angle EBO =39°34’. 
Now this angle is comprehended by the given sides: 


BO =285 
and 
BE =10,697; 
hence 
angle BEO =59’. 
And 


angle OED =angle BED—angle BEO =33°5’. 
But in the first solar opposition it has already been shown that 
angle DEN =34°55’. 
Therefore by addition 
angle OE N =68°, 
by which the distance of the first solar opposition from the second becomes ap- 
parent; and it harmonizes with the observations. 
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The same thing will be shown at the third opposition. 
In triangle CDE 
angle CDE = 54°42’, 

side CD =10,000, 


side DE =854; 


and 


[1475] hence 
side HC =9,532, 
angle CED =121°5’, 
and 
angle DCE = 4°13’; 
therefore by addition 
angle PCE =129°31’. 
So again in triangle EPC 
side CE =9,532 


and 
side PC = 285, 
and 
angle PCE =129°31’: 
hence 
angle PEC = 1°18’. 
And 


angle PED =angle CED—angle PEO =119°47’ 
from the highest apsis of the eccentric circle to the position of the planet at the 
third opposition. 

Now it was shown that there were 33°5’ to the second solar opposition: ac- 
cordingly between the second and third solar oppositions of Saturn there remain 
86°42’, which agree with the observations. Now the position of Saturn was found 
by observation at that time to be at 7’ from the assumed starting-point of the 
first star of Aries, and it was shown that there were 60°13’ from it to the lowest 
apsis of the eccentric circle: accordingly the lowest apsis is approximately 6014°, 
and the position of the highest apsis is diametrically opposite at 24014°. 

Now let RST the great orbital circle of the Earth be set around its centre E, 
and let its diameter SET be parallel to CD the line 
of mean movement; and let 

angle FDC =angle DES. 
Therefore the Earth and our point of sight will be 
on line PE, namely at point R. Now 

angle PES=5°31’, 

and angle PES or arc RS is the difference between 
FDC the angle of regular movement and DEP the 
angle of apparent movement. 
Now 


F 


arc RT = 180°— 5°31’ = 174°29’ 
which is the distance of the planet from the apogee 
of the orbital circle, z.e., from 7, as if from the 
mean position of the sun. 
And so we have demonstrated that in the year 
of Our Lord 1527 on the sixth day before the Ides 
of October at 62¢ hours after midnight, the move- 
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ment of anomaly of Saturn from the highest apsis of the eccentric circle was 
125°18’, the movement of parallax was 174°29’, and the position of the highest 
apsis was at 240°21’ from the first star of Aries in the sphere of the fixed stars. 


7. ON THE EXAMINATION OF THE MOVEMENT OF SATURN 


[1482] Now it was shown that Saturn at the time of the last of the three obser- 
vations of Ptolemy was by its movement of parallax at 174°44’, and the position 
of the highest apsis of the eccentric circle was at 226°23’, from the head of the 
constellation of Aries. Accordingly it is clear that in the midtime between the 
two observations Saturn has completed 1344 revolutions minus 14° of regular 
parallaxes. 

Now from the 20th year of Hadrian on the 24th day of the Egyptian month 
Mesori one hour before midday to the year of Our Lord 1527 on the 6th day 
before the Ides of October at 6 hours [after midnight, the time] of this observa- 
tion, there are 1392 Egyptian years 75 days 48 minutes [of a day]. 

Hence if we wish to get the movement itself from the table, we shall similarly 
find 359°45’, the movement beyond the 1343 revolutions of parallax. Accord- 
ingly what was set down concerning the mean movements of Saturn is correct. 
Moreover during that time the simple movement of the sun is 82°30’. If 359°45’ 
are subtracted from 82°30’, the remainder is the 82°45’ of the mean movement 
of Saturn, which are already being added up in its 47th revolution, in harmony 
with the computation. Meanwhile too the position of the highest apsis of the 
eccentric circle has been moved forward to 13°58’ in the sphere of the fixed stars. 
Ptolemy believed it to be fixed in the same way, but now it appears to move ap- 
proximately 1° per 100 years. 


8. On DETERMINING THE PosITIONS oF SATURN 


Now from the beginning of the years of Our Lord to the 20th of Hadrian on 
the 24th day of the month Mesori at 1 hour before midday, the time of Ptolemy’s 
observation, there are 135 Egyptian years 222 days 27 minutes [of a day], during 
which time Saturn’s movement of parallax was 328°55’. The subtraction of 
328°55’ from 174°44’ leaves 205°49’ [148°] as the locus of distance of the mean 
position of the sun from the mean [position] of Saturn, and as its movement of 
parallax at midnight before the Kalends of January. 

From the first Olympiad to this locus 775 Egyptian years 1214 days compre- 
hend a movement of 70°55’ besides the whole revolutions. The subtraction of 
70°55’ from 205°49’ leaves 134°54’ for the beginning of the Olympiads at noon 
on the Ist day of the month Hekatombaion. 

Then after 451 years 247 days there are 13°7’ besides the whole revolutions: 
the addition of 13°7’ to 134°54’ puts the locus [of the years] of Alexander the 
Great at 148°1’ on noon of the 1st day of the month Thoth by the Egyptian 
calendar; and there are 278 years 11814 days to [years of] Caesar; the movement 
is 247°20’, and it sets up the locus at 35°21’ on midnight before the Kalends of 
January. 


9. ON THE PARALLAXES OF SATURN, WuHIcH ARISE FROM THE ANNUAL 
ORBITAL CIRCLE OF THE EARTH, AND How GREAT THE 
DIsTANCE oF SATURN Is [FROM THE EARTH] 


In this way it has been demonstrated that the regular movements of Saturn 
in longitude are at one with the apparent. For the other apparent movements 
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which occur in the case of Saturn are, as we said, parallaxes arising from the 
annual orbital circle of the Earth, since, as the magnitude of the Earth in rela- 
tion to the distance of the moon causes parallaxes, so too its orbital circle, in 
which it revolves annually, should in the case of the five wandering stars cause 
{parallaxes] which are far more evident in proportion to the magnitude of the 
orbital circle. Now such parallaxes cannot be determined, unless the altitude of 
the planet—which, however, it is possible to apprehend through any one obser- 
vation of a parallax—becomes known first. 

We have such [an observation] in the case of Saturn in the year of Our Lord 
1514 on the sixth day before the Kalends of May 5 equatorial hours after the 
preceding midnight. For Saturn was seen to be in a straight line with the stars 
in the forehead of Scorpio, namely with the second and third stars, which have 
the same longitude and are at 209° of the sphere of the fixed stars. Accordingly 
the position of Saturn is made evident through them. Now there are 1514 Egypt- 
ian years 61 days 13 minutes [of a day] from the beginning of the years of Our 
Lord to this time; and according to [149] calculation the mean position of the 
sun was at 315°41’, the anomaly of parallax of Saturn was at 116°31’, and for 
that reason the mean position of Saturn was 199°10’ and that of the highest 
apsis of the eccentric circle was at approximately 24014°. 

Now in accordance with our problem, let ABC be the eccentric circle: let D be 
its centre, and on the diameter BDC let B be the apo- 
gee, C' the perigee, and # the centre of the orbital circle 
of the Earth. Let AD and AE be joined, and with A as 
centre and 4 DE as radius let the epicycle be drawn. 
On the epicycle let F be the position of the planet; and 


et angle DAF =angle ADB. 

And through E the centre of the orbital circle of the 
Earth let HJ be drawn, as if in the same plane with cir- 
cle ABC, and as a diameter, parallel to AD, so as to 
have it understood that with respect to the planet the 
apogee of the orbital circle is at H and the perigee at J. 
Now on the orbital circle let 

arc HL=116°31’ 
in accordance with the computation of the anomaly of 
parallax; let FL and EL be joined, and let PK EM pro- 
duced cut both arcs of the orbital circle. 
Accordingly since by hypothesis 
angle ADB =angle DAF =41°10’, 


and . 
angle ADE = 180° — ADB = 138°50’; 


— DE=854 
where AD = 10,000: 


side AH = 10,667, 
angle DEA =38°9’, 


angle HAD =3°1’: 
angle HAF =44°12’. 


whence in triangle ADE 


and 


therefore by addition 
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So again in triangle FAH side FA =285 


where AE = 10,667, 
side FK E = 10,465, 


angle AEF =1°5’: 
accordingly it is manifest that 
angle AH F-+angle DAE =4°6’, 

which is the total difference or additosubtraction between the mean and the true 
position of the planet. Wherefore if the position of the Earth had been at K or 
M, the position of Saturn would have been apparent as if from centre EH and 
would have been seen to be at 203°16’ from the constellation of Aries. But with 
the Earth at L, Saturn is seen to be at 209°. The difference [149°] of 5°44’ goes 
to the parallax in accord with angle AFL. But by calculation of the regular 


— are HL = 116°31/, 


arc ML=are HL—add. HM =112°25’. 
And by subtraction! are LIK =67°35": 


angle KEL =67°35’. 
Wherefore in triangle FEL the angles are given, and the ratio of the sides is 
given too: Hence EL =1.090 


where HF = 10,465, 
and AD= BD=10,000; 
EL =6°32’, 
where BD =60?, 
by usage of the ancients; 
and there is very little difference between that and what Ptolemy gave. 


and 


and 


hence 


but 


Accordingly BDE =10,854, 
and, as the remainder of the diameter 
CE=9,146. 


But since the epicycle when at B always subtracts 285 from the altitude of the 
planet, but adds the same amount, 7.e., its radius, when at C; on that account 
the greatest distance of Saturn from centre # will be 10,569, and the least 9,431, 
where BD =10,000. By this ratio the altitude of the apogee of Saturn is 9°42’, 
where the radius of the orbital circle of the Earth = 1"; and the altitude of the 
perigee is 8°39’: hence it is quite evident by the mode set forth above in the case 
of the small parallaxes of the moon that the parallaxes of Saturn can be greater. 
And when Saturn is at the apogee, 

greatest parallax = 5°45’; 
and when at the perigee, 

greatest parallax = 6°39’; 
and they differ from one another by 44’—measuring the angles by the lines com- 
ing from the planet and tangent to the orbital circle of the Earth. In this way 
the particular differences in the movement of Saturn have been found, and we 
shall afterwards set them out simultaneously and in conjunction with those of 
the five planets. 

1Are MLIK=180°. 
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10. DEMONSTRATIONS OF THE MOVEMENT OF JUPITER 


Having solved the problems concerning Saturn, we shall use the same method 
and order of demonstration in the case of the movement of Jupiter too, and first 
we shall repeat three positions reported and demonstrated by Ptolemy, and by 
the foreshown transformation of circles we shall reconstitute them as the same 
or as very little different. 

The first of the solar oppositions was in the 17th year of Hadrian on the Ist 
day of the month Epiphi by the Egyptian calendar 1 hour before the following 
midnight [1503] at 23°11’ of Scorpio, as he says, but after deducting the preces- 
sion of the equinoxes, at 226°33’. 

He recorded the second as occurring on the 21st year of Hadrian on the 13th 
day of the month Phaophi by the Egyptian calendar 2 hours before the follow- 
ing midnight, at 7°54’ of Pisces; but with respect to the sphere of the fixed stars 
it was 331°16’. 

The third was during the lst year of Antoninus in the month Athyr during the 
night following the 20th day of the month 5 hours after midnight, at 7°45’ in 
the sphere of the fixed stars. 

Accordingly from the first opposition to the second there were 3 Egyptian 
years 106 days 23 hours, and the apparent movement of the planet was 104°43’. 
From the second to the third opposition there was 1 year 37 days 7 hours, and 
the apparent movement of the planet was 36°29’. During the first interval of 
time the mean movement was 99°55’; during the second it was 33°26’. 

Now he found that the arc of the eccentric circle from the highest apsis to the 
first opposition was 77°15’; and next, 2°50’ from the second opposition to the 
lowest apsis; and from that to the third opposition, 30°36’. Now the eccen- 
tricity of the whole circle was 514? whereof the radius is 60°; but it is 917, where- 
of the radius would be 10,000; and all that corresponds approximately to the 
observations. F 

Now let ABC be the cir- 
cle; and from the first op- 
position to the second let 

arc AB =99°55’; 
and let 

are BC =33°26’. 
Through the centre D let 
diameter FDG be drawn, so 
that from the highest apsis 
F 


PA={1 Vs, 
FAB=177°10’, 
and 
GC=30°36’. 


Now let F be taken as the 
centre of the orbital circle 
of the Earth. Let the dis- 
tance between the centres 
be equal to three-quarters 
917, 12.¢., let 

DE=687; 
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let 

rad. ep. = 229, 
which is one-quarter distance, and let the epicycle be described at points A, B, 
and C. Let AD, BD, CD, AE, BE, and CE be joined; and in the epicycles let 
AK, BL, and BM be joined in such a way that 
angle DAK =angle ADF, 
angle DBL=angle FDB, 


angle DCM =angle FDC, 
Finally let A, Z, and M be joined to E by straight lines. 
Accordingly, since in triangle ADE 
angle ADE = 102°45’, 
because angle ADF is given; and 
side DE = 687, 
where AD= 10,000; 
side AE = 10,174, 
angle HAD =3°48’, 


angle DEA =73°27’; 
angle FAK =81°3’. 
Accordingly in [150°] triangle AEK two sides have been given: 
EA =10,174 
AK =229, = 
angle FAK =81°3’; 
angle AEK =1°17’. 


angle KEO=72°10’. 
Something similar will be shown in triangle BED. For the sides BD and DE 
always remain equal to the corresponding sides in the first triangle; but 
angle BDE = 2°50’. 
base BE =9,314, 
where DB =10,000; 


angle DBE = 12’. 
So once more, in triangle ELB two sides are given; and 
angle EBL =177°22’: 


and 


and 
and by addition 


and 


and 
it will be clear that 


Hence, by subtraction, 


For that reason 


and 


moreover 
Buk angle LEB=4’. 

el i Or yr 
axils angle FEL=angle FDB —16’ = 176°54’. 


angle KED=72°10’; 
angle KEL=angle FEL—angle KED=104°44’, 
which is the angle of apparent movement between the first and the second ter- 
mini observed; and there is approximate agreement. 
Similarly at the third opposition, in triangle CDE two sides CD and DE have 


been given, and angle CDE = 30°36’; 
base EC =9,410 


angle DCE =2°8’. 


and 
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Whence in triangle ECM 
angle ECM = 147°49’; 
hence 
angle CEM =39’; 
and because the exterior angle is equal to the sum of the interior and opposite 
angles 
angle DX E=angle ECX-+angle CEX =2°47’ 


and 

angle FDC —angle DEM = 2°47’. 
Hence 

le GEM =180°—angle DEM =33°23'; 
and, by addition, 0°—angle 33°23’; 


angle LEM =[1514] 36°29’, 

which is the distance from the second opposition to the third; and that agrees 
with the observations. But since this third solar opposition was found to be at 
7°45’ [in the sphere of the fixed stars] and 33°23’ to the east of the lowest apsis; 
the remainder of the semicircle gives us the position of the highest apsis as 
154°22’ in the sphere of the fixed stars. 

Now around £ let there be drawn RST the annual orbital circle of the Earth 
with diameter SHT parallel to line DC. Now it 
has been made clear that F 

angle GDC =angle GER =30°36’; 

and 

angle DXE=angle RES=are RS=2'47’', 
the distance of the planet from the mean perigee 
of the orbital circle. Hence by addition 


arc TSR = 182°47’, N 
which is the distance from the highest apsis of 
the orbital circle. NS 
\\ 
= 


And by this we have confirmation of the fact 
that at the time of the third opposition of Jupiter 
during the first year of Antoninus on the 20th G 
day of the month Athyr by the Egyptian calen- 
dar 5 hours after the following midnight the 
planet Jupiter by its anomaly of parallax was at 182°47’. Its regular position in 
longitude was at 4°58’, and the position of the highest apsis of the eccentric 
circle was at 154°22’. All these things are in perfect agreement with our hypo- 
thesis of the mobility of the Earth and absolute regularity [of movement]. 


11. On THREE OTHER OPPOSITIONS OF JUPITER RECENTLY OBSERVED 


Having recorded three positions of the planet Jupiter and evaluated them in 
this way, we shall set up three others in their place, which we observed with 
greatest care at the solar oppositions of Jupiter. 

The first was in the year of Our Lord 1520 on the day before the Kalends of 
May 11 hours after the preceding midnight, at 220°18’ of the sphere of the fixed 
stars. 

The second was in the year of Our Lord 1526 on the fourth day before the 
Kalends of December 3 hours after midnight, at 48°34’. 

But the third opposition was in the year of Our Lord 1529 on the Kalends of 
February 18 hours after midnight, at 113°44’, 
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From the first [151°] to the second there are 6 years 212 days 40 minutes [of 
a day], during which time the apparent movement of Jupiter was 208°6’. From 
the second to the third opposition there are 2 Egyptian years 66 days 39 min- 
utes [of a day], and the apparent movement of the planet is 65°10’. But the 
regular movement of the planet during the first interval is 199°40’, and during 
the second 66°10’. 

With this as a paradigm let eccentric circle ABC be described, in which the 
planet is assumed to move simply and regu- 
larly. And let the three positions observed be 
designated in the order of the letters A, B, and 
C in such a way that 

arc AB =199°40’: 
and 

are BC =66°10’, 
on that account 

are AC =360°—(AB+ BC) =94°10’. 

Moreover let D be taken as the centre of the 
annual orbit of the Earth. Let AD, BD and CD 
be joined; and let any of them, say DB, be ex- 
tended in a straight line BDE to both ares of 
the circle; and let AC, AE and CE be joined. 

Accordingly, since 

angle BDC =65°10’, 
where 4 rt. angles at centre =360°; 
and that is the angle of apparent movement, and since 
Pell angle CDE = 180° —65°10’ = 114°50’, 
u 


angle CDE =229°40’, 
where 2 rt. angles at circumference = 360°; 
and since, as standing on are BC of circumference, 
angle CED =66°10’, 


and accordingly 

angle DCE =64°10’; 
therefore, as triangle (DE has its angles given, it has its sides given too: 
CE =18,150 


ED= 10,918 
where diameter of circle 
circumscribing triangle = 20,000. 


and 


Similarly, in triangle ADE, since 

angle ADB =151°54’, 
which is the remainder of the circle after the subtraction of the given distance 
between the first opposition and the second; accordingly 

angle ADE = 180° —151°54’ = 28°6’, 

as at the centre, but as on the circumference 

angle ADE =56°12’; 
and, as on arc BCA of the circumference 
angle AED =160°20’; 


angle HAD = 143°28’. 


and 
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Hence 
side AE =9,420 
and 
side HD =18,992 
where diameter of circle 
But circumscribing triangle ADE = 20,000. 


AE=5,415 
where ED =10,918 
and CE = 18,150 
Again therefore we shall have triangle EAC, of which the two sides HA and EC 
are given; and, as standing on are AC of the circumference 
angle AEC =94°10’. 
[152*] Hence it will be shown that, as standing on arc AE, 
angle ACE =30°40’, 

angle ACE+are AC =124°50’, 


CK=ch. EAC =17,727 
where diameter of eccentric circle = 20,000. 


and 


And by the ratio given before, 
DE = 10,665, 
are BCAE=191°. 
arc HB =360° — 191° = 169°, 
BDE= ch. EB=19,908 
BD =9,243. 
Accordingly, since BCAE is the greater segment, it will contain F the centre 
of the circle. Now let the diameter GFDH be drawn. It is manifest that 
rect. ED, DB=rect. GD, DH, 


which is therefore also given. But 
rect. GD, DH+sq. FD=sq. FDH. 


and 
It follows that 
and 


and by subtraction 


Now 
Tahar eri sq. FDH —rect. GD, DH =sq. FD. 
FD=1,193, 
where FG = 10,000, 
but 
FD=73', 


where FG =60?. 
Now let BE be bisected at K, and let FAL be extended; accordingly FKL 
will be at rt. angles to BE. And since 
BDK=¥% BE=9,954 


and | 
DB =9,248, 
then, by subtraction, 
DK=711. 
Accordingly in triangle DFK, which has its sides given, 
angle DFK =36°35’, 
and similarly 
arc HL =36°35’. 
But 
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are LHB=84)4°; 
and, by subtraction, 
are BH —47°55’, 
which is the distance of the second position from the perigee. 
And 
arc BCG = 180° — 47°55’ = 132°5’, 
which is the distance of the apogee from the second position. 
And 
are BCG—are BC = 132°5’ — 66°10’ = 65°55’, 
which is the distance from the third position to the apogee G. 
Now 
99°10’ — 65°55’ = 28°15’, 
which is the distance from the apogee to the first position of the epicycle. That 
harmonizes too little with the appearances, as the planet does not run through 
the proposed eccentric circle: hence this method of demonstration which is 
based upon an uncertain principle cannot give us any certainty. One sign of 
this among others is that Ptolemy in the case of Saturn recorded a too great 
distance between the centres and in the case of Jupiter a too small distance; 
but the same thing seemed a great enough distance to us, so that evidently 
upon the assumption of different arcs of circles for the same planet [152°] 
that which is sought does not come about in the same way. Not otherwise 
was it possible to compound the apparent and the regular movements at the 
three proposed termini and then at all the termini, unless we kept the total 
egression of eccentricity of the centres which was recorded by Ptolemy as 
5°30’, whereof the radius of the eccentric circle is 60°, but which is 917 parts, 
whereof the radius is 10,000. And let the arc from the highest apsis to the first 
opposition be 45°2’; from the lowest apsis to the second opposition 64°42’; 
and from the third opposition to the highest apsis 49°8’. 

For let the above figure of 
the eccentric circle carrying 
an epicycle be repeated, in- 
asmuch as it fits this example. 
So by our hypothesis 

DE =687, 
which is three-quarters of the 
total distance between the 
centres. And 

radius of epicycle = 229, 

where FD = 10,000, 
which is the remaining quar- 
ter of the distance. Accord- 
ingly, since 

angle ADF =45°2’, 
triangle ADE will have the 
two sides AD and DE given, 
together with angle ADE: 
hence it is shown that 

side AE = 10,496, 
where AD = 10,000; 
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and 
; angle DAE =2°39’. 
And since 
angle DAK =angle ADF, 
by addition 
angle HA K =47°A1’. 
Also in triangle AEK the two sides AK and AE are given. Hence 
angle AEK =57’. 
Now 
angle KED=angle ADF —(angle AEK-+angle DAE) = 41°26’, 
as the angle of apparent movement at the first solar opposition. 
[1534] In triangle BDE a similar thing will be shown. Since the two sides 
BD and DE are given, and 
angle BDE = 64°42’; 
side BE =9,725 
where BD = 10,000 
and 
angle BDE =3°40’. 
Furthermore, in triangle BEL the two sides BH and BL are also given, and 
angle EBL=118°58’: 
angle BEL=1°10’; 
and hence 
angle DEL =110°28’. 
But it has already been made clear that 
angle AED =41°26’, 
therefore, by addition, 
angle KEL=151°54’. 
Hence 
360° — 151°54’ = 208°6’, 
the angle of apparent movement between the first and the second solar op- 
positions; and that agrees with the observations. 
Finally, at the third opposition, in triangle CDE, sides DC and DE are 
given in the same way; and 
angle CDE = 130°52’. 
On account of angle FDC being given, 
side CE = 10,463, 
where CD = 10,000, 
and 
angle DCE =2°51’. 
Therefore, by addition, 
angle ECM =51°59’. 
Now in triangle ECM the two sides CM and CE are given together with angle 
MCE: 
angle MEC=1°, 
and 
angle MEC+angle DCE =angle FDC —angle DEM, 
and angles FDC and DEM are the angles of regular and apparent movement. 
And hence, at the third solar opposition, 
angle DEM =45°17’. 
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But it has already been shown that 

angle DEL = 90°28’; 
accordingly 

angle LEM =65°10', 
which is the distance between the second and the third solar oppositions ob- 
served; and that agrees with the observations. But since the third position of 
Jupiter was viewed at 113°44’ of the sphere of the fixed stars, it shows that the 
position of the highest Jovial apsis is at approximately 159°. 

But if around centre E we now describe RST the orbital circle of the Earth, of 
which the diameter RES is parallel to DC, then it will be manifest that at the 
third opposition of Jupiter 

angle FDX =angle DES =49°8’, ; 
and that the apogee of the regular movement in paralleed is at R. 

But now that the Earth has passed through 180° plus are S7’, it is in conjunc- 

tion with Jupiter at its solar opposition; and 
arc ST =3°5)', 
according as angle SET has been shown to be of the same magnitude. 

And so it is clear from this that in the year of Our Lord, 1529, on the Kalends 
of February 19 hours after midnight, [153>] the regular movement of anomaly 
of parallax of Jupiter was at 183°51', but by its proper movement Jupiter was 
at 109°52’; and the apogee of the eccentric circle is approximately 159° from the 
horn of the constellation of the Ram, as was to be investigated. 


12. CONFIRMATION OF THE REGULAR MOVEMENT OF JUPITER 


But it has already been seen above that at the last of the three solar opposi- 
tions observed by Ptolemy the planet Jupiter by its proper movement was at 
4°58’ with an anomaly of parallax of 182°47’. Hence it is clear that during the 
time between the two observations the movement of parallax of Jupiter was 
1°5’ besides the full revolutions and its proper movement was approximately 
104°54’. The time, however, which fiowed between the 1st year of Antoninus on 
the 20th day of the month Athyr by the Egyptian calendar at 5 hours after the 
following midnight and the year of Our Lord 1529 on the Kalends of February 
18 hours after the preceding midnight was 1392 Egyptian years 99 days 37 
minutes of a day, to which time there similarly corresponds according to the 
above calculation 1°5’ besides the whole revolutions, by which the regular 
revolutions of the Earth has anticipated Jupiter 1267 times; and so the number 
is seen to harmonize with the observations and is held as certain and exact. 

And it is also manifest that during this time the highest and lowest apsides of 
the eccentric circle moved 414° to the east. The equal distribution [of the move- 
ment] yields approximately 1° per 300 years. 


13. Positions to Bre ASSIGNED TO THE MOVEMENT OF JUPITER 


But the time from the last of the three observations, in the lst year of An- 
toninus on the 20th day of the month Athyr at 4 hours after the following mid- 
night, going back to the beginning of the years of Our Lord, amounts to 136 
Egyptian years 314 days 10 minutes [of a day], during which time the mean 
movement of [154*] parallax was 84°31’. The subtraction of 84°31’ from 182°47’ 
leaves 98°16’ for the movement up to midnight on the Kalends of January at 
the beginning of the years of Our Lord. 
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Backward to the first Olympiad there were 775 Egyptian years 1214 days, 
during which time a movement of 70°58’ was reckoned besides the whole revo- 
lutions. The subtraction of 70°58’ from 98°16’ leaves 27°18’ as the position for 
the Olympiad. 

Coming down from there for 451 years 247 days, there are 110°52’, which to- 
gether with the movement for the first Olympiad amount to 138°10’ for the 
position of the years of Alexander at noon of the 1st day of the month Thoth by 
the Egyptian calendar. And so for any others. 


14. On INVESTIGATING THE PARALLAXES OF JUPITER AND ITs ALTITUDE 
IN RELATION TO THE ORBITAL CIRCLE OF TERRESTRIAL REVOLUTION 


In order to investigate the remaining apparent movements of parallax in the 
case of Jupiter, we carefully observed its position in the year of Our Lord 1520 
on the 12th day before the Kalends of March 6 hours before noon, and we per- 
ceived through the instrument that Jupiter was 4°31’ to the west of the first 
bright star in the forehead of Scorpio; and since the position of the fixed star 
was at 209°40’, it is clear that the position of Jupiter was at 205°9’ in the sphere 
of the fixed stars. 

Accordingly from the beginning of the years of Christ to the time of this ob- 
servation there were 1520 equal years 62 days 15 minutes [of a day], during 
which time the mean movement of the sun is calculated to have been 309°16’, 
and the anomaly of parallax 111°15’, whereby the mean position of the planet 
Jupiter is put at 198°1’. And since at this our time the position of the highest 
apsis of the eccentric circle was found to be at 159°, the anomaly of the eccentric 
circle of Jupiter was 39°1’. 

Following this example, let eccentric circle ABC be described with centre D 
and diameter ADC. Let A be the apogee, and C the perigee; and for that reason 
let E the centre of the annual orbital circle of the Earth be on DC. Now let 

are AB =39°1’; 
and with B as centre let the epicycle be described with 
BF as radius equal to one third of distance DE. Let 
angle DBF =angle [154>] ADB; 
aud let the straight lines BD, BE, and FE be joined. 
Accordingly since in triangle BDE two sides are given: 
DE=687, 
where BD = 10,000; 
and since these two sides comprehend the given angle 
BDE, and 
angle BDE = 140°59’: 
it will be shown that 
base BE = 10,548 
and 
angle DBE =angle ADB—angle BED =2°21’, 
which is the difference between angle BED and angle 
ADB. Therefore, by addition, 
angle HBF = 41°22’. 
Accordingly in triangle EBF angle EBF is given 
together with the two sides comprehending it: 
EB= 10,543 
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and 
BF=\% DE=229, 
where BD =10,000. 
It follows from this that 
side FE = 10,373 
and 
angle BEF =50’. 
Now as lines BD and FE cut one another in point X, 
angle DX H=angle BDA —angle FED 
and angles FED and BDA are the angles of mean and true movement; 
and 
angle DXE=angle DBE-+angle BEF =3°11’. 
Now 
angle FED =39°1’ —3°11' =35°50’ 
from the highest apsis of the eccentric circle to the planet. 
But the position of the highest apsis was at 159°; and 
159°-+35°50’ = 194°50’, 
which was the true position of Jupiter with respect to centre E, but the apparent 
position was at 205°9’. Accordingly, the difference of 10°19’ is due to the paral- 
lax. 

Now let RST the orbital circle of the Earth be described around centre EZ; and 
let its diameter RET be parallel to DB, so that FR is the apogee of parallax. More- 
over, in accordance with the measure of the mean anomaly of parallax, let 

Bree = LIP 1 5t 
and let FEV be extended in a straight line to both arcs of the orbital circle of 
the Earth. The true apogee of the planet will be at V; angle REV is equal to the 
difference between regular and apparent movement; and 
angle REV =angle DXE. 
Hence, by addition, 
arc VRS = 114°26’, 
and by subtraction 
angle FES = 65°34’. 
[155?] But since 
angle EFS = 10°19’; 
angle FSE = 104°7’. 
Hence, as in triangle EFS the angles are given, the ratio of the sides will be 
given too: 
FE : ES=9,698 : 1,791. 
Accordingly 
FE=10,373 
and 
ES =1,916, 
where BD = 10,000. 
For Ptolemy however 
ES = 11°30’, 
where radius of eccentric circle =60?; 
and that is approximately the same ratio as 
1,916 : 10,000; 
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Accordingly 
antr AVS "dmtt, RET S519! o1", 
Similarly 
AD : ES=AD : RE =6?13’9” : 1” 
thus 
DE=219"” 
and 
BPS dO" 


Accordingly, when Jupiter is at apogee, 
(ADF—BF) : radius of orbital circle of Earth = 5°27’29” : 1°. 

And when Jupiter is at perigee; 

(EC+BF) : radius of orbital circle of Earth =4°58’49” : 1”; 
and when in the mean positions, as is proportional. Hence it is gathered that 
Jupiter at apogee has a greatest parallax of 10°35’, and at perigee 11°35’: there 
is a difference of 1° between them. So the regular movements of Jupiter have 
been demonstrated to be at one with the apparent. 


15. ON THE PLANET Mars 


We must now inspect the revolutions of Mars by taking three ancient solar 
oppositions, with which we shall connect the mobility of the Earth in antiquity. 
Accordingly of those oppositions which Ptolemy recorded, the first was in the 
15th year of Hadrian on the 26th day of Tybi the 5th month by the Egyptian 
calendar 1 equatorial hour after the midnight following. And he says that it was 
at 21° of Gemini, but in relation to the sphere of the fixed stars was at 84°20’. 

He noted the second opposition [155] as occurring in the 19th year of Hadrian 
on the 6th day of Pharmuthi the 8th month by the Egyptian calendar 3 hours 
before the following midnight at 28°50’ of Leo but at 142°10’ in the sphere of 
the fixed stars. 

The third was in the 2nd year of Antoninus on the 12th day of Epiphi the 11th 
month by the Egyptian calendar 2 equatorial hours before the following mid- 
night at 2°34’ of Sagittarius but at 235°54’ of the sphere of the fixed stars. 

Accordingly, between the first and second oppositions there are 4 Egyptian 
years 69 days 20 hours or 50 minutes of a day, and the apparent movement of 
the planet was 67°50’ besides the whole revolutions. From the second opposition 
to the third there were 4 years 96 days and 1 hour, and the apparent movement 
of the star was 93°44’. Now during the first interval the mean movement was 
81°44’ besides the complete revolutions; during the second interval it was 95°28’. 
Then he found that the total distance between the centres was 12°, whereof the 
radius of the eccentric circle was 60°; but it was 2,000 whereof the radius was 
10,000. And the mean movement from the first opposition to the highest apsis 
was 41°33’; and then it was 40°11’ from the highest apsis to the second opposi- 
tion; and from the third opposition to the lowest apsis it was 44°21’: But by our 
hypothesis of regular movements there will be three-quarters of that distance, 
t.e., 1,500 between the centres of the eccentric circle and the orbital circle of the 
Earth, and the remaining quarter of 500 will be the radius of the epicycle. 

Now thus let eccentric circle ABC be described with centre D, and with FDG 
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as the diameter through both 
apsides; and let EZ the centre of 
the orbital circle of annual rev- 
olution be on the diameter, Let 
A, B, and C be the points of 
solar opposition, in that order; 
and let 

arc AF =41°34’, 

arc FB=40°11’, 
and 

arc C@= 44°21’. 
At the separate. points A, B, 
and C let the epicycle be de- 
scribed with one-third of dis- 
tance DE as radius. And let 
AD, BD,CD, AE, BE, and CE 
be joined. On the epicycle let 
AL, BM, and CN be joined, 
but in such a way that 

angle DAL=angle ADF, 
angle DBM =angle BDF, 


and 
angle DCN =angle CDF. 
Accordingly, since in triangle ADE 
angle ADE =138°26’, 
because angle FDA was given and also the two sides, v7z., 
DE =1,500 
where AD =10,000; 
it follows from this that 
side AZ =11,172, 
and 
angle DAE =5°7’. 
[156"] Hence, by addition, 
angle HAL=46°41’. 
So also in triangle HAL angle EAL is given, together with the two sides: 


AEH=11,172 
and . 
AL=500, 
where AD = 10,000. 
Moreover, 
angle AFL =1°56’; 
and 


angle AHL-+angle DAE =7°3’, 
which is the total difference between angles ADF and LED; and hence 
angle DEL =3414°. 
Similarly at the second opposition: in triangle BDE 
angle BDE = 139°49’ 
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and 

side DE = 1,500 

where BD = 10,000. 
Hence 
side BE =11,188, 

angle BED =35°13’, 
and 

angle DBE = 4°58’. 
Therefore 


angle EBM = 45°13’ 
and is comprehended by the given sides BE and BM, from which it follows that 
angle BEM =1°53’, 
and by subtraction 
angle DEM =33°20’. 
Accordingly | 
angle LEM =47°50’, 
whereby the movement of the planet from the first solar opposition to the 
second is apparent; and the number is consonant with experience. 
Again at the third solar opposition: triangle CDE has the two sides CD and 
DE given, which comprehend angle CDE. And 
angle CDE = 44°21’; 


hence 
base CH =8,988, 
where CD = 10,000 
and DE =1,500; 
and 
angle CED = 135°39’, 
and 


angle DCE = 6°42’. 
This again in triangle CEN 
angle ECN = 142°21’ 
and is comprehended by the known sides EC and CN: hence too 
angle CEN = 1°52’. 
[1565] Therefore by subtraction 
angle NED = 127°5’ 
at the third solar opposition. But it has already been shown that 
j angle DEM =33°20’. 
Hence by subtraction 
angle MEN =93°45’, 
and is the angle of apparent movement between the second and the third 
solar oppositions, wherein the calculation agrees sufficiently with the observa- 
tions. But at this last observed opposition of Mars the planet was seen at 
235°54’, being 127°5’ distant from the apogee of the eccentric circle, as was 
shown: therefore the position of the apogee of the eccentric circle of Mars 
was at 108°50’ in the sphere of the fixed stars. 
Now let RST the annual orbital circle of the Earth be described around 
centre E with diameter RET parallel to DC, so that FR is the apogee of parallax 
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and 7’ the perigee. Accordingly the planet was seen on EX at 235°54’, in longi- 
tude, and it was shown that 
angle DX FE =8°34’, 
the difference between the regular and the apparent movement; and on that 
account 
mean movement = 24414°; 
but, at the centre, 
angle SET =angle DXE =8°34’. 
Accordingly 
arc RS=are RT—arc ST = 180° — 8°34’ = 171°26’, 
the mean movement of parallax of the planet. Furthermore among other 
things we have demonstrated by this hypothesis of the mobility of the Earth 
that in the 2nd year of Antoninus on the 12th day of the month Epiphi by 
the Egyptian calendar 10 equal hours after midday the planet Mars by its 
mean movement in longitude was at 24414°, and the anomaly of parallax 
was at 171°26’. 


16. On THREE OTHER SOLAR OpposiTions oF Mars WHICH 
Have BEEN OBSERVED RECENTLY 


We have compared these three of Ptolemy’s observations of Mars with three 
other observations, which we did not take carelessly. The first was in the year 
of Our Lord 1512 on the Nones of June, 1 hour after midnight, and the position 
of Mars was found to be at 235°33’, according as the sun was opposite [157°] 
at 55°33’ from the first star of Aries in the sphere of the fixed stars as a starting- 
point. 

The second was in the year of Our Lord 1518 on the day before the Ides of 
December 8 hours after midday; and the planet was apparent at 63°2’. 

The third was in the year of Our Lord 1523 on the 8th day before the Ka- 
lends of March 8 hours before noon, at 183°20’. 

Accordingly from the first to the second opposition there were 6 Egyptian 
years 191 days 45 minutes [of a day]; from the second to the third 4 years 
72 days 23 minutes. 

During the first interval of time the apparent movement was 187°29’, and 
the regular movement was 168°7’. During the second interval of time the 
apparent movement was 80°18’, and the regular was 83°. 

Now let the eccentric circle of Mars be repeated again, except that here 

arc AB=168°7’ 
and 
arc BC =83°. 

Accordingly, by the same method which we employed in the case of Saturn 
and Jupiter—let us pass over in silence the multitude, complication, and bore- 
dom of the calculations—we finally find that the apogee of Mars is on arc BC. 
For it is manifest that the apogee cannot be in arc AB because there the ap- 
parent movement is 19°22’ greater than the mean. Again the apogee cannot 
be in arc CA, because even if BC the arc preceding CA is the lesser, never- 
theless arc BC exceeds the apparent movement by a greater difference than 
arc CA does. But it was shown above that in the eccentric circle the lesser and 
decreased movement takes place around the apogee. Accordingly the apogee 
will be held correctly to be in arc BC. 
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Let the apogee be F; and 
let FDG be the diameter of 
the circle. And let the centre 
of the orbital circle of the 
Earth be on the diameter. 
Accordingly, we find that 

arc FCA =125°29’, 
arc BF =66°18’, 
and 
arc FC = 16°36’; 
but 
DE=1,460, 
where radius DE = 10,000, 
which is the distance be- 
tween the centres; and 
semi-diameter of 
epicycle = 500: 
whence the apparent and 
regular movements are 
shown to be consonant with G 
one another and to agree 
with experiments. 

Therefore let the figure be filled out, as before. For it will be shown that, 
since in triangle ADE two sides AD and DE are known and 

angle ADE = 54°31’ 
from the first opposition of Mars to the perigee; 
angle DAH =7°24’, 


and by subtraction 

angle AED = 118°5’; 
and 

side AH =9,229. 
Now by hypothesis 
angle DAL=angle FDA. 

Accordingly by addition 

angle EAL =132°53’. 

So too in triangle HAL the two sides HA and AL comprehending the given 
angle at A are themselves given: [157°] accordingly 
angle AH L=2°12’, 

and 

angle LED = 115°53’. 

Similarly it will be shown in the case of the second opposition that, since 
in triangle BDE the two given sides DB and BE comprehend angle BDE, and 
angle BDE =113°35’, 
then by what we have shown concerning plane triangles 

angle DBE=7°11’, 
angle DEB =59°13’, 
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and 
base BE = 10,668, 
where DB = 10,000 
and BM =500. 

And by addition 

angle EBM =73°36’. 
So too in triangle EBM, since the sides comprehending the given angle are 
given, it will be shown that 

angle BEM = 2°36’; 
and by subtraction 

angle DEM = 56°38’. 
Then 

angle MEG=180°—angle DEM = 123°22’. 

But it has already been shown that 

angle LED =115°53’; 
hence 

angle LEG =64°7’; 
and 
angle LEG-+-angle GEM = 187°29’, 
where 4 rt. angles = 360°. 

And that agrees with the apparent distance from the first opposition to the sec- 
ond. 

A similar thing can be seen at the third opposition. For it has been shown that 

angle DCE =2°6’, 
and 
side EC = 11,407, 
where CD = 10,000. 
Accordingly, as 
angle ECN = 18°42’, 
and as sides CE and CN of triangle ECN have already been given, it will be clear 
[158?] that 
angle CEN =50’. 
And 
angle CEN+angle DCE = 2°56’, 
which is the difference by which angle DEN of apparent movement is exceeded 
by angle FDC of regular movement. Therefore 
angle DEN = 13°40’, 
which agrees approximately with the apparent movement observed between the 
second and the third oppositions. 

Accordingly, since the planet Mars, as we told you, was apparent in this posi- 
tion at 133°20’ from the head of the constellation of Aries; and it has been shown 
that 

angle FEN = 13°40’; 
it is manifest upon calculation backward that the position of the apogee of the 
eccentric circle at this last observation was at 119°40’ in the sphere of the fixed 
stars. 

At the time of Antoninus, Ptolemy found it at 108°50’, and so during the time 
between then and now it has moved 10 1%»° eastward. Moreover we have found 
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a lesser distance between the centres, z.e., 40, whereof the radius of the eccentric 
circle is given as 10,000—not because either Ptolemy or ourselves made a slip, 
but manifestly because the centre of this orbital circle of the Earth has ap- 
proached the centre of the orbital circle of Mars, while the sun has remained 
immobile. For these things correspond approximately to one another, as will be 
shown below clearer than day. 

Now let the annual orbital circle of the Earth be described around the centre 
E; and let its diameter SER be parallel to CD on 
account of the equality of revolutions. Let R be F 
the regular apogee with respect to the planet, S 
the perigee, and 7’ the Earth. Now let ET be ex- 
tended; the line of sight of the planet will thus 
cut CD at point X. Now the line of sight along 
ETX, as was said at the last opposition, is at 
133°20’ of longitude. 

Moreover, it has been shown that 

angle DX E = 2°56’, 
for angle DXE is the difference by which angle 
X DF of mean movement exceeds angle XED of 
apparent movement. But angle SET is equal to 
its alternate angle DXE, and is the additosub- 
traction arising from the parallax. Now 
180° — 2°56’ =177°4’, 

which is the regular movement of the anomaly of parallax from # the apogee 
of the regular movement—and hence we have shown here that in the year of 
Our Lord 1523 on the 8th day before the Kalends of March, 7 equatorial hours 
before noon, the planet Mars by its mean movement in longitude was at 136°16’; 
and its regular anomaly of parallax was at 177°4’, and the highest apsis of the 
eccentric circle was at 119°40’, as was to be shown. 


17. CONFIRMATION OF THE MOVEMENT OF MARS 


[158>] Now it was made clear above that in the last of Ptolemy’s three obser- 
vations Mars by its mean movement was at 24414°, and its anomaly of parallax 
was at 171°26’. Accordingly during the year between there was a movement of 
5°38’ besides the complete revolutions. Now for the 2nd year of Antoninus on the 
12th day of Epiphi the 11 month by the Egyptian calendar 9 hours after mid- 
day, t.e., 3 equatorial hours before the following midnight, with respect to the 
Cracow meridian, to the year of Our Lord 1523 on the 8th day before the Ka- 
lends of March 7 hours before noon, there were 1384 Egyptian years 251 days 
19 minutes [of a day]. During that time there were by the above calculation 
5°38’ and 648 complete revolutions of anomaly of parallax. Now the regular 
movement of the sun was held to be 25714°. The subtraction from 25714° of the 
5°38’ of the movement of parallax leaves 251°52’ as the mean movement of 
Mars in longitude. And all that agrees approximately with what was set down 
just now. 


18. DETERMINATION OF THE PosITION oF Mars 


Now from the beginning of the years of Our Lord to the 2nd year of Antoninus 
on the 12th day of the month Epiphi by the Egyptian calendar at 3 hours before 
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midnight there were 138 Egyptian years 180 days 52 minutes [of a day], and dur- 
ing that time the movement of parallax was 293°4’. And when 293°4’ is sub- 
tracted from the 171°26’ of Ptolemy’s last observation—a complete revolution 
being borrowed—there remain 238°22’ at the [beginning of] the first year of Our 
Lord on midnight of the Kalends of January. 

From the first Olympiad to this time there were 775 Egyptian years 1214 days, 
during which the movement of parallax was 254°1’. When 254°1’ has similarly 
been subtracted from 238°22’ and a revolution borrowed, its [159] position at 
the first Olympiad remains as 344°21’. 

Similarly by calculating the movements according to the other intervals of 
time we shall have its position at the beginning of the years of Alexander as 
120°39’ and at the beginning of the years of Caesar as 211°25’. 


19. How GREAT THE ORBITAL CiRCLE OF Mars Is IN TERMS OF 
THE Parts oF WHICH THE ANNUAL ORBITAL CIRCLE OF THE 
EARTH Is THE UNIT 


Moreover we took observations of the conjunction of Mars with the first 
bright star of the Chelae—called the southern Claw—which occurred in 1512 
on the Kalends of January. For on the morning of that day 6 equatorial hours 
before noon we saw Mars 14° distant from the fixed star but deflected towards 
the solstitial rising, by which it was signified that Mars was already in longitude 
1° to the east of the star but 14° distant in northern latitude. Now it was 
established that the position of the star was 191°20’ with a northern latitude of 
40’. So it was clear that the position of Mars was at 191°28’ with a northern 
latitude of 51’. But at this time the anomaly of parallax by calculation was 
98°28’; the mean position of the sun was at 262°, and the mean position of Mars 
at 163°32’, and the anomaly of the eccentric circle was 43°52’. 

With that before us let the eccentric circle ABC be described. Let D be its 
centre, ADC its diameter, A the apogee, C the peri- 
gee, and let 

ecc. DE = 1,460, 
where AD = 10,000. 
Now let 
aac AB =43,52’. 
Now with B as centre and radius BF of 500, whereof 
AD is 10,000, let the epicycle be described. Let 
angle DBF =angle ADB; 
and let BD, BE, BF, and FE be joined. Moreover, 
let RST the great orbital circle of the Earth be de- 
seribed around centre # with its diameter RET par- 
allel to BD; and on the diameter let & be the apogee 
of the planet’s regular movement of parallax, and T 
the perigee. Now let the Earth be at S; and in ac- 
cordance with the regular anomaly of parallax as 
computed, let 


arc RS = 98°28’. 
Let FE be extended in the straight line FEV, which 
will cut BD at point X and the convex arc of the orbital circle of the Earth at V, 
where the true apogee of parallax is. 
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Accordingly, in triangle BDE [159] two sides are given: 
DE=1,460, 
where BD =10,000; 
and they comprehend angle BDE. And 
angle ADB = 43°52’; 
now 
angle BDE = 180° — 43°52’ = 136°’. 

Hence it will be shown that 


base BE = 11,097 
and 


angle DBE =5°13’. 
angle DBF =angle ABD; 


But by hypothesis 


by addition 
angle EBF =49°5’, 
and is comprehended by the given sides EB and BF. On that account 
angle BEF =2° 


and 
side FE = 10,776, 
where DB = 10,000. 
Accordingly 
angle DX E=7°13’, 
because 


angle DXE=angle XBE-+angle XEB, 
the interior and opposite angles. Angle DXE is the subtractive additosubtrac- 
tion, the difference by which angle ADB exceeds angle X ED, and by which the 
mean position of Mars exceeds the true. Now the mean position is reckoned as 
163°32’; therefore the true position is to the west at 156°19’. But its position ap- 
pears to be at 191°28’ to those viewing it from S. Therefore its parallax, or com- 
mutation, is 35°9’ eastward. Therefore it is clear that 
angle EFS =35°9’. 
Now as RT is parallel to BD, 
angle DX E=angle REV, 
and similarly 
are RV =7°13’. 
Thus, by addition, 
are VRS=105°41’, 
which is the corrected anomaly of parallax, and hence angle VES exterior to 
triangle FES is given. Hence, as being interior and opposite 
angle FSE =70°32’, 
where 2 rt. angles = 180°. 
But as the angles of the triangle are given, the ratio of the sides is given too: 
therefore 


FE =9,428 
and 
ES =5,727 
where diameter of circle 
circumscribing triangle = 10,000. 
Accordingly 


[1603] ES = 6,580, 
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where EF = 10,776 
and BD=10,000; 
and that is approximately the same as Ptolemy’s findings. But by addition 
ADE = 11,460, 
and by subtraction 
EC =8,540. 
And at the lowest apsis of the eccentric circle the epicycle adds the 500 which it 
subtracts at A the highest apsis, so that the remainder at the highest apsis is 
10,960, and the sum at the lowest apsis is 9,040. Accordingly, in so far as the 
radius of the orbital circle of the Earth is 1”, Mars will have a greatest distance 
of 1°39'57” at its apogee, a least distance of 1°22’26”, and a mean distance of 
1°31’11”. So too in the case of Mars the movements, magnitudes, and distances 
have been explicated in a fixed ratio by means of the movement of the Earth. 


20. ON THE PLANET VENUS 


Now that we have set out the movements of the three higher planets Saturn, 
Jupiter, and Mars which circle around the Earth, it is time to speak of the plan- 
ets which the Earth circles around. And first of Venus, which admits an easier 
and clearer demonstration of its movement than does Mercury, if only the neces- 
sary observations of some positions are not wanting; since if its greatest dis- 
tances, z.e., at morning and at evening, in either direction from the mean position 
of the sun are found equal to one another, then we have as certain that the 
highest or lowest apsis of the eccentric circle of Venus is at the midpoint be- 
tween these two positions of the sun. The apsides are distinguished from one 
another by the fact that such equal [angular] elongations are smaller when they 
take place around the apogee and greater when they take place around the peri- 
gee. Finally at its other positions we perceive through the differences by which 
the angular elongations exceed one another how far distant the orb of Venus is 
from the highest or lowest apsis and also what its eccentricity is, according as 
these things have been passed on to us by Ptolemy with great clarity, so that 
there is no need to repeat them separately, except in so far as things from 
Ptolemy’s observations are applicable to our hypothesis of terrestrial mobility. 

He took as his first observation one made by the mathematician Theo of Alex- 
andria in the 16th year of Hadrian, he tells us, on the 21st day of the month 
Pharmuthi, at the first hour of the following night; and that was in the year of 
Our Lord 182 on the evening of the 8th day before the Ides of March. And Venus 
was seen at its greatest evening distance of 4714° from the mean position of the 
sun, [160°] while the mean position of the sun was by calculation at 337°41’ in 
the sphere of the fixed stars. With this observation he compared one of his own 
which he said he made in the 4th year of Antoninus on.the 12th day of the month 
Thoth at daybreak, 2.e., in the year of Our Lord 142 on the early morning of the 
third day before the Kalends of August. He says that at this time the greatest 
morning elongation of Venus was equal to the previous elongation and was 47° 
15’ from the mean position of the sun, which was at 119° in the sphere of the 
fixed stars and which on the previous date had been at 337°41’. Now it is mani- 
fest that midway between these mean positions are the apsides diametrically op- 
posite one another at 4814° and 22814°. When the 624° of the precession of the 
equinoxes has been added to both of them, they will fall upon 25° of Taurus and 
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of Scorpio according to Ptolemy, and the diametrically opposite highest and 
lowest apsides of Venus must be at those positions. 

Once more for the further confirmation of the thing, he assumed another ob- 
servation made by Theo in the 4th year of Hadrian at morning twilight on the 
20th day of the month Athyr, which was in the year of Our Lord 119 on the 
morning of the fourth day before the Ides of October, at which time Venus was 
again found at a great distance of 47°32’ from the mean position of the sun at 
181°13’. With that he connected his own observation made in the 21st year of 
Hadrian, which was the year of Our Lord 136, on the 9th day of the month 
Mechyr by the Egyptian calendar but by the Roman calendar the 8th day be- 
fore the Kalends of January, at the first hour of the following night, and the 
evening distance was found to be 47°32’ from the mean position of the sun at 
265°25’. But in the preceding observation made by Theo the mean position of 
the sun was at 191°13’. Again the apsides fall midway between these positions, 
at 48°20’ and at 228°20’ approximately, where the apogee and the perigee must 
be. And they are distant from the equinoxes at 25° of Taurus and at 25° of 
Scorpio, and Ptolemy separated them by two other observations as follows. 

The first observation was made by Theo in the 13th year of Hadrian on the 
3rd day of the month Epiphi, but in the year of Our Lord 129 at early morning 
on the 12th day before the Kalends of January, and he found the farthest morn- 
ing elongation of Venus to be 44°48’, while the sun by its mean movement was 
at 4819/5°, and Venus was apparent at 4° of the sphere of the fixed stars. 
Ptolemy himself made the other observation in the 21st year of Hadrian on the 
2nd day of the month [161] Tybi by the Egyptian calendar, which was by the 
Roman calendar the year of Our Lord 136 on the 5th day before the Kalends of 
January at the 1st hour of the following night, while the sun by its mean move- 
ment was at 228°54’, from which Venus had a greatest evening elongation of 
47°16’ and was itself apparent at 2761¢°. Hence the apsides are distinguished 
from one another, that is to say, the highest is put at 4814°, where the shorter 
wanderings of Venus are, and the lowest at 22814°, where the greater wander- 
ings are—as was to be demonstrated. 


21. WHAT THE RATIO OF THE DIAMETERS OF THE ORBITAL 
CIRCLE OF THE EARTH AND OF VENUS Is 


Furthermore from these last two observations the ratio of the diameters of the 
orbital circles of the Earth and Venus will be ap- B 
parent. For let AB the orbital circle of the Earth ae 
be described around centre C’. Let ACB be its di- 
ameter through both apsides; and on ACB let D 
be taken as the centre of the orbital circle of Ve- 
nus which is eccentric to circle AB. Now let A be 
the position of the apogee; and when the Earth 
is there, the centre of the orbital circle of Venus 
is at its greatest distance, while AB is the line of 
mean movement of the sun—4814° at A and 
22814° at B. Now let the straight lines A# and 
BF be drawn touching the orbital circle of Venus 
at points H and F, and let DE and DF be joined. A 
Accordingly, since as at the centre 
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angle DAE =4446¢°, 
and 
angle AED=90°, 
then triangle DAE will have its angles given and hence its sides: 
DE=¥ ch. 2 DAE =7,046, 
where AD = 10,000. 
In the same way in the right triangle BDF 
angle DBF =4714°, 
and 
ch. DF =7,346, 
where BD = 10,000. 
Accordingly 
BD =9,582, 
where DF = DE =7,046. 
Hence by addition 
ACB= 19,582 
and | 
AC=ACB=9,791; 
and by subtraction 
CD =209. 
Accordingly, in so far as 
[1615] AC=IP, 


DE=43¥’', 
and 
CD=114’; 
and 
DE = DF 57,193 
and 
CD=213, 


where AC’= 10,000. 
And that was to be demonstrated. 


22. ON THE TworoLD MovEMENT OF VENUS 


But by the argument from two of Ptolemy’s observations, Venus does not 
have a simple regular movement around D. He made the first observation in the 
18th year of Hadrian on the 2nd day of the month Pharmuthi by the Egyptian 
calendar, but by the Roman calendar it was the year of Our Lord 134 at early 
morning on the 12th day before the Kalends of March. For at that time the sun 
by its mean movement was at 318199°; and Venus, which was apparent in the 
morning at 27514° of the ecliptic, had reached a farthest limit of elongation of 
43°35’. 

He made the second in the 3rd year of Antoninus on the 4th day of the month 
Pharmuthi by the Egyptian calendar, which by the Roman calendar was in 
the year of Our Lord 140 on the evening of the 12th day before the Kalends 
of March. And at that time the mean position of the sun was at 31819/5°; and 
Venus was at a greatest evening elongation of 4814° and was visible at 7197 5° 
in longitude. 

With that set out, let point G be taken as the position of the Earth in the 
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same terrestrial orbital circle, so 
that arc AG is a quadrant of a 


circle—the quadrant which 
measures how far the sun dia- 
metrically opposite at both ob- 
servations according to its mean 
movement was seen to be west se 
[_ oe. 


of the apogee of the eccentric / 
Le 


G 


circle of Venus. Let GC be 
joined, and let DK be drawn 
parallel to GC. Let GE and GF 
be drawn touching the orbital 
circle of Venus; and let DE, DF, 
and DG be joined. Accordingly, since, 
angle EGC = 43°35’, 
which was the morning elongation at the time of the first observation, and since 
angle CGF =4814°, 
which was the evening elongation at the time of the second observation; 
angle EGF =angle EGC+angle CGF =911140°; 


and accordingly 


> 
re =) 


NP 


angle DGF = 4EGF = 45°47’; 
and by subtraction 
angle CGD = 2°23’. 
But 
angle DCG =90°. 
Accordingly, as the angles of triangle CGD are given, the ratios of the sides 
are given too; and 


CD=416, 
where C'G = 10,000. 
Now it has already been shown that the distance between the centres was 208; 
and now the distance has become approximately twice as great. Accordingly, if 
CD is bisected at point J, similarly 
[1622] DM = 208, 

the total variation in this approach and withdrawal. Again if DM is bisected at 
N, it will be seen to be the mean and regular point in this movement. 

Hence, as in the case of the three higher planets, the movement of Venus hap- 
pens to be compounded of two regular movements, either by reason of the 
epicycle of an eccentric circle, as above, or by any other of the aforesaid modes. 
This planet however is somewhat different from the others in the order and com- 
mensurability of its movements; and, as I opine, there will be an easier and more 
convenient demonstration by means of the eccentric circle of an eccentric circle. 
In this way let us take N as centre and DN as radius and describe a small circle, 
on which [the centre of] the orbital circle of Venus is borne and moved around 
according to the law that whenever the Earth falls upon diameter ACB, on 
which the highest and lowest apsides of the eccentric circle are, the centre of 
orbital circle of the planet will always be at least distance, 7.e., at point M7; and 
when the Earth is at its mean apsis, t.e., at G, the centre of the orbital circle of 
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the planet will reach point D and the greatest distance CD. Hence you are given 
to understand that at the time when the Earth has made one orbital circuit, the 
centre of the orbital circle of the planet has made two revolutions around centre 
N in the same direction as the Earth, 72.e., eastward. For according to such an 
hypothesis in the case of Venus, all the regular and apparent movements agree 
with the observations, as will be shown later. Now all this which has so far 
been demonstrated concerning Venus is found to be consonant with our times, 
except that the eccentricity has decreased approximately one sixth, so that what 
before was 416 is now 350, as many observations teach us. 


23. ON THE EXAMINATION OF THE MOVEMENT OF VENUS 


In this connection I have taken two positions observed very accurately, the 
first by Timochares in the 13th year of Ptolemy Philadelphus the 52nd year 
after the death of Alexander in the early morning [162°] of the 18th day of Mesori 
the eight month by the Egyptian calendar; and it was recorded that Venus was 
seen to have occupied the position of the fixed star which is westernmost of the 
four stars in the left wing of Virgo and is sixth in the description of the sign; its 
longitude 15114°, its northern latitude 11°; and it is of third magnitude. Ac- 
cordingly the position of Venus was made manifest in this way; and the mean 
position of the sun was by calculation at 194°23’. 

With this as an example, let the figure be drawn with point A still at 48°20’: 

are AE = 146°3’, 
and by subtraction 
arc BH =33°574. 
Angle CEG = 42°53’, 
which is the angular dis- 
tance of the planet from the 
mean position of the sun. 
Accordingly, since 
line CD =312, 
where CE = 10,000, 
and 
angle BCE =33°57’'; 
in triangle CDE 
angle CED=1°1’, 
and 
base DE =9,743. 


But 
angle CDF =2BCE= 
67°54’; 
and 


angle BDF = 180°— 
agle st weed iA 


And, as the exterior angle of triangle CDE, 
angle BDE =33°57’. 


Hence it is clear that 
| angle EDF =144°4’, 
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and 
DF =104, 
where DE =9,743. 
So in triangle DEF 
angle DEF = 20’, 
and by addition 
angle CEF = 1°21’, 
and 
side EF =9,831. 
But it has already been shown that 
angle CEG = 42°53’; 
accordingly, by subtraction, 


angle FEG= 41°32’; 
and, as radius of the orbital circle, 


FG=7,198, 
where EF =9,831 
Accordingly, since in ithireke EFG angle FEG. and the ratios of the sides are 
given, the remaining angles are given too. And 
[163°] angle EFG =72°5’. 
Are KLG=180°+angle EFG = 252°5’, 
measured from the highest apsis of the orbital circle. And so we have shown that 
in the 13th year of Ptolemy Philadelphus on the 18th day of the month Mesori 
the anomaly of parallax of Venus was 252°5’. 

We ourselves made observations of a second position of Venus in the year of 
Our Lord 1529 on the 4th day before the Ides of March, 1 hour after sunset and 
at the beginning of the 8th hour after midday. We saw the moon begin to occult 
Venus at the midpoint of the dark part between the horns, and the occultation 
lasted till the end of the hour or alittle later, until the planet was seen to emerge 
towards the west on the other side at the midpoint of the gibbosity of the horns. 
Accordingly it is clear that at the middle of the hour or thereabouts, the centres 
of the moon and Venus were in conjunction, and we had a full view at Frauen- 
burg. Venus was still in her evening increase [of elongation] and this side of the 
point of tangency of the orbital circle with a line from the Earth. Accordingly 
from the birth of Christ there have been 1529 Egyptian years 87 days 714 hours 
by apparent time but by equal time 7 hours 34 minutes, and the mean position 
of the sun considered simply had reached 332°11’; and the precession of the 
equinoxes was 27°24’. The regular movement of the moon was 33°57’ away from 
the sun, the regular movement of anomaly was 205°1’, and the movement in 
latitude was 71°59’. Hence it is reckoned that the true position of the moon was 
at 10°, but measured from the equinox it was at 7°24’ of Taurus with a northern 
latitude of 1°13’. But since the 15° of Libra were rising, on that account the 
lunar parallax in longitude was 48°32’, and so the apparent position [of the 
moon] was at 6°26’ of Taurus; but its longitude in the sphere of the fixed stars 
was 9°11’ with a northern latitude of 41’; and the apparent position of Venus 
was at an evening distance of 37°1’ from the mean position of the sun, and the 
distance of the Earth from the highest apsis of Venus was 76°9’ to the west. 

Now let the figure be drawn again according to the previous mode of con- 
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struction, except that 

angle ECA =76°9’, 
and 

angle CDF =2ECA = 
152°18’; 
and 
ecc. CD = 246, 

as it is found today; and 

DF = 104, 

where CE = 10,000. 


B (Me A Therefore in triangle CDE, 
\ by subtraction 
\ angle DCE = 103°51’ 
and is comprehended by 


the given sides. From that 


it will be shown that 
angle CED=1°15’, 
and 
base DE = 10,056, 
E 
and 
angle [163b] CDE = 
74°54’. 
But 
angle CDF = 2ACE = 152°18’. 
And 


angle EDF =angle CDF —angle CDE =77°24’. 
So again in triangle DEF two sides are given; 
DF = 104, 
where DE = 10,056; 
and they comprehend the given angle EDF. Moreover, 
angle DEF =35’, 
and o 
base EF = 10,034. 
Hence by addition | 
angle CEF = 1°50’. 
Furthermore, 
| angle CEG =37°1’, 
which measures the apparent distance of the planet from the mean position of 
the sun. 
Now 
angle FEG=angle CEG—angle CEF =35°11’. 
Similarly in triangle EFG two sides are given: 
EF = 10,034, 
where FG=7,193 
and the angle at E is given: hence too the remaining angles are calculable: 
angle EGF =5314° 
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and 
angle EFG=91°19’, 
which is the distance of the planet from the true perigee of its orbital circle. 
But since diameter AFL has been drawn parallel to CE, so that K is the 
apogee of the regular movement and L is the perigee, and since 
angle HFL=angle CEF; 
then 
angle LFG=angle EFG—angle EFL =89°29’; 
and 
arc KG=180° —89°29’ = 90°31’, 
which is the planet’s anomaly of parallax as measured from the highest apsis of 
regular movement of the orbital circle—and that is what we were investigating 
at the time of this observation of ours. 

But at the time of the observation made by Timochares the anomaly was 
252°5’; accordingly during the years between there was a movement of 198°26’ 
besides the 1115 complete revolutions. Now the time from the 13th year of 
Ptolemy [164*] Philadelphus at early morning on the 18th day of the month 
Mesori to the year of Our Lord 1529 on the 4th day before the Ides of March 
71% hours after midday was 1800 Egyptian years 236 days 40 minutes [of a day] 
approximately. 

Accordingly when we have multiplied the movement of 1115 revolutions and 
198°26’ by 365 days, and divided the product by 1800 years 226 days 40 minutes, 
we shall have an annual movement of 225°1'45"3'"40""". 

Once more the distribution of this through 365 days leaves a daily movement 
of 36/59”28’”", which were added to the table which we set out above. 


24. ON THE POSITIONS OF THE ANOMALY OF VENUS 


Now from the first Olympiad to the 13th year of Ptolemy Philadelphus at 
early morning of the 18th day of the month Mesori there are 503 Egyptian 
years 228 days 40 minutes [of a day], during which time the movement was 
reckoned to be 290°39’. But if 290°39’ is subtracted from 252°5’ and 360° is 
borrowed, the remainder will be 321°26’, the position of the movement at the 
beginning of the first Olympiad. 

The remaining positions are in proportion to the movement and time so often 
spoken of: 81°52’ at the beginning of the years of Alexander; 70°26’ at the be- 
ginning of the years of Caesar; and 126°45’ at the beginning of the years of Our 
Lord. 


25. On MEeRcuRY 


It has been shown how Venus is bound up with the movement of the Earth 
and in what ratio of circles the regularity of its movement is concealed. Mercury 
remains, and without fail will also submit to the principle assumed, although 
it has more complicated wanderings than Venus or any of the aforesaid planets. 
It has been established experimentally by ancient observations that in the sign 
of Libra, Mercury has its least angular elongations from the sun and has greater 
elongations in the opposite sign, as is right. But Mercury does not have its 
greatest elongations in this position but in some other positions higher and be- 
yond, as in Gemini and Aquarius, particularly at the time of Antoninus accord- 
ing to Ptolemy; and that occurs in the case of no other planet. When the ancient 
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mathematicians, who supposed the reason for this [1645] to be the immobility 
of the Earth and the movement of Mercury in its great epicycle along an eccen- 
trie circle, had noticed that one simple eccentric circle could not account satis- 
factorily for these appearances, not only did they grant that the movement on 
the eccentric circle was not around its own centre but around a foreign centre, 
but they were also compelled to admit that this same eccentric circle carrying 
the epicycle moved along another small circle, as they admitted the moon’s ec- 
centric circle did. And so there were three centres, namely that of the eccentric 
circle carrying the epicycle, that of the small circle, and that of the circle which 
the moderns call the equant. They passed over the first two circles and acknowl- 
edged that the epicycle did not move regularly except around the centre of the 
equant, which was the most foreign to the true centre, to its ratio, and to both 
the centres already extant. But they judged that the appearances of this planet 
could be saved by no other scheme, as Ptolemy declares at great length in his 
Composition. 

But in order that this last planet may be freed from the liability to injury and 
disparagement and that the regularity of its movement in relation to the mo- 
bility of the Earth may be no less clear than in the case of the other preceding 
planets; we shall assign to it too a circle eccentric to an eccentric circle instead 
of the epicycle which the ancients assumed, but in a way different from that of 
Venus. And nevertheless an epicycle does move on the eccentric circle, but the 
planet is not borne on its circumference but up and down along its diameter: 
that can take place through regular circular movements, as was set forth above 
in connection with the precession of the equinoxes. And it is not surprising, 
since Proclus in his commentary on the Elements of Euclid admits that a straight 
line can be described by many movements, by all of which movements its ap- 
pearance will be demonstrable. 

But in order that the hypothesis may be grasped more perfectly, let AB be 

B the great orbital circle of the 

Earth with centre C and diam- 

eter ACB. And on ACB between 

ax points B and C let D be taken as 

ay, a centre and with one-third CD 

as radius let the small circle EF 

be described, so that F is its 

greatest distance from C, and # 

@ its least. Let HJ the orbital cir- 

cle of Mercury be described 

around centre F; and then with 

I the highest apsis as centre let 

the epicycle which the planet 

traverses be added. Let HI be 

the orbital circle which is eccen- 

tric to an eccentric circle and 

carries the epicycle. When the 

figure has been drawn in this 

way, all those things will fall in 

order on the straight line 
AHCEDFKILB. 
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Meanwhile let the planet be set up at K, 7.e., at the least distance KF from 
centre F. [165] Now with that point established as the starting-point of the 
revolutions of Mercury, let it be understood that the centre F makes two revo- 
lutions for every one of the Earth, and in the same direction too, t.e., eastward; 
similarly too the planet on LK, but along the diameter, up and down with re- 
spect to the centre of circle HJ. 

For it follows from this that whenever the Earth is at A or B, the centre of 
the orbital circle of Mercury is at F, which is the position farthest away from C; 
but whenever the Earth is at the middle quadrants, the centre is at EH’ which is 
the position nearest [to C], and this in a manner contrary to that of Venus. 
Moreover, according to this law Mercury traversing the diameter of epicycle 
KL is nearest to the centre of the orbital circle carrying the epicycle, 7.e., is at 
kK, when the Earth falls upon the diameter AB; and when the Earth is at its 
mean positions, the planet will be at L the most distant position. In this way 
there take place the two twin revolutions of the centre of the orbital circle on the 
circumference of the small circle EF and of the planet along the diameter LK 
which are equal to one another and commensurable with the annual movement 
of the Earth. 

But meanwhile let the epicycle or line FJ be moved by its own proper move- 
ment along orbital circle HJ, and let its centre move regularly, completing one 
revolution simply and with respect to the sphere of the fixed stars in approxi- 
mately 88 days. But by that movement, whereby it outruns the movement, of 
the Earth and which we call the movement of parallax, it has with respect to the 
Earth one revolution in 116 days, as can be derived more exactly [165°] from the 
table of mean movements. Hence it follows that Mercury by its own proper 
movement does not always describe the same circumference of a circle, but in 
proportion to its distance from the centre of its orbital circle it describes a cir- 
cumference of greatly varying magnitude, least at point K, greatest at ZL, and 
middling around J, in practically the same way as was viewed in the case of the 
lunar epicycle on an epicycle. But what the moon did on the circumference, Mer- 
cury does on the diameter by means of a reciprocal movement which is neverthe- 
less compounded of regular movements. We showed above in connection with the 
precession of the equinoxes how that takes place. But we shall bring to bear some 
other things concerning this, farther down in connection with latitudes. And 
this hypothesis is sufficient for all the appearances which are seen to be Mer- 
cury’s, as is manifest from the history of the observations of Ptolemy and others. 


26. ON THE PosITIONS OF THE HIGHEST AND Lowest APSIDES 
or MERcURY 


For Ptolemy observed Mercury inthe 1st year of Antoninus after sunset onthe 
20th day of the month Epiphi, while the planet in the evening was at its greatest 
angular distance from the mean position of the sun. Now at this time there had 
been 137 Christian years 188 days 4214 minutes [of a day] at Cracow, and ac- 
cordingly the mean position of the sun according to our calculation was at 63°50’, 
and the planet observed through the instrument was at 7° of Cancer, he says. 
But after the subtraction of the precession of the equinoxes, which at that time 
was 6°40’, it was shown that the position of Mercury was at 90°20’ from the 
beginning of Aries in the sphere of the fixed stars, and its greatest angular elon- 
gation from the mean position of the sun was 2614”. 
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He made a second observation in the 4th year of Antoninus on the early morn- 
ing of the 19th day of the month Phamenoth when 140 years 67 days 12 minutes 
fof a day] approximately had passed since the beginning of the years of Christ, 
and the mean position of the sun was at 303°19’. Now Mercury was apparent 
through the instrument at 1314° of Capricorn, but it was at approximately 
276°49’ from the fixed beginning of Aries, and accordingly the greatest morning 
distance was similarly 264%°. Accordingly since the limits of elongation on either 
side of the mean position of the sun are equal, it is necessary that the apsides of 
Mercury be either way at the midpoint between these positions, 7.e., between 
226°49’ and 90°20’. And they are 3°34’ and 183°34’ diametrically opposite, where 
the highest and the lowest apsides [1667] of Mercury must be. 

As in the case of Venus, the apsides are distinguished through two observa- 
tions. He made the first in the 19th year of Hadrian on the early morning of the 
15th day of the month Athyr, while the mean position of the sun was at 182°38’. 
The greatest morning distance of Mercury from the sun was 19°83’, since the 
apparent position of Mercury was at 163°35’. And in the same 19th year of 
Hadrian, which was the year of Our Lord 135, at dusk of the 19th day of the 
month Pachon by the Egyptian calendar, Mercury was found by the aid of the 
instrument at 27°43’ in the sphere of the fixed stars, while the sun by its mean 
movement was at 4°28’. Again it was shown that the greatest evening distance 
of the planet was 23°15’/—which is greater than the previous distance—whence 
it was clear enough that the apogee of Mercury at that time could be only at 
approximately 18314°—as was to be taken note of. 


27. How GREAT THE ECCENTRICITY OF MERcuRY Is AND WuHaT 
THE COMMENSURABILITY OF ITs CriRcLEs Is 


Moreover through this the distance between the centres and the magnitudes 
of the orbital circles are demonstrated simultaneously. For 
let AB be the straight line passing through A the highest 
and B the lowest apsis of Mercury, and also the diameter of 
the great circle, whose centre is D. And with D taken as 
centre let the orbital circle of the planet be described. There- 
fore let lines AE and BF be drawn touching the orbital cir- 
cle, and let DE and DF be joined. 

Accordingly, since at the first of the two preceding obser- 
vations the greatest morning distance of the planet was seen 


Cc 
“Gj to be 19°3’, 

we angle CAE =19°3’, 

. = But at the second observation the greatest evening distance 
was seen to be 2314°. Accordingly, as both of the right tri- 
angles AED and BFD have their angles given, [1665] the 
ratios of their sides will be given too, so that, as radius of the 

B orbital circle, 
ED =32,639, 
where AD = 100,000. 
But 
FD=39,474, 
where BD = 100,000. 
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But according as 
FD=ED 

as radius of the orbital circle, 

FD =32,689, 

where AD=100,000; 

and by subtraction 

DB =82,685 
Hence 

AC=WAB=91,342; 

and by subtraction 

CD =8,658, 
which is the distance between the centres. And the radius of the orbital circle 
of Mercury will be 21’26”, where AC = 1" =60’; 


and 
CD=5'4"; 
and 
DF =35,733 
and 
CD=9,479, 


where AC =100,000 
as was to be demonstrated. 

But these magnitudes also do not stay everywhere the same; but are quite 
different from those found in connection with the mean apsides, as the apparent 
morning and evening longitudes observed at those positions and recorded by 
Theo and Ptolemy teach us. For Theo observed the evening limit of Mercury 
in the 14th year of Hadrian on the 18th day of the month Mesori after sunset; 
and at 129 years 216 days 45 minutes [of a day] after the birth of Christ, while 
the mean position of the sun was 9314°, 7.e., approximately at the mean apsis 
of Mercury. Now the planet was seen through the instrument to be 319%9° to 
the west of Basiliscus in Leo; and on that account its position was 11934°, and 
its greatest evening distance was 2614°. 

Ptolemy reported that the second limit was 
observed by him in the 2nd year of Antoninus on 
the 21st day of the month Mesori at early morn- 
ing, at which time there had been 138 Christian 
years 219 days 12 minutes, and the mean posi- 
tion of the sun was similarly 93°39’ ; [167] and the 
greatest morning distance of Mercury from that 
was found to be 2014°. For Mercury was visible 
at 732¢° in the sphere of the fixed stars. 

Therefore let ACDB which is the diameter of 
the great orbital circle [of the Earth] and which 
passes through the apsides of Mercury, be again 
drawn, as before; and at point C let CE the line 
of mean movement of the sun be erected at right 
angles. Let point F be taken between C and D; and 
let the orbital circle of Mercury bedescribed around 
F. Let the straight lines HH and EG touch this 
small circle; and let FG, FH, and EF be joined. 
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Now once more our problem is to find point F, and what ratio radius FG 
has to AC. For since 
angle CEG =26)4°, 
and 
angle CEH =2014°; 
accordingly by addition 
angle HEG=4614°. 
And 
angle HEF = 4HEG=2314°. 
And so by subtraction 
angle CEF =3°. 
For that reason the sides of the right triangle CEF are given: 
CF = 524 
and 
FE=10,014, 
where CE = AC = 10,000. 
But it has been shown already that 
CD=948, 
while the Earth is at the highest or lowest apsis of the planet. Hence DF will be 
the excess [of CD over CF] and the diameter of the small circle which the centre 
of the orbital circle of Mercury describes. 
DF = 424, 
and 
radius JF = 212. 
Hence by addition 
Ciel =726. 
Similarly, as in triangle HEF 
angle H =90°, 


and 
angle HEF =2314°: 
hence 
FH =3,947, 
where EF = 10,000. 
But 


FH =3,953, 
where EF = 10,014 
and CE = 10,000. 

Now it has been shown above that 

FK =3,573. 
Therefore by subtraction 

HK =880, 

which is the greatest difference in the planet’s distance from F the centre of 
its orbital circle; and this greatest difference is found when the planet is be- 
tween its highest or lowest apsis and its mean apsis. On account of this varying 
distance from F the centre of its orbital circle, the planet describes unequal 
circles in proportion to the varying distances—the least distance being 3,573, 
the greatest 3,953, and the mean 3,763—as was to be demonstrated. 
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28. WHY THE ANGULAR DIGRESSIONS OF MERCURY AT AROUND 60° FROM THE 
PERIGEE APPEAR GREATER THAN THOSE AT THE PERIGEE 


Hence too it will seem less surprising that Mercury has greater angular 
digressions at a distance of 60° from the perigee than when at the perigee, 
since they are also greater than the ones which we have already demonstrated; 
consequently it was held by the ancients that in one revolution [167°] of the 
Earth, Mercury’s orb was twice very near to the Earth. 

For let the construction be made such that 

angle BCE =60°. 
On that account 
angle BJF = 120°. 
For F is put down as making two revolutions 
for one of # the Earth. Therefore let EF and EJ 
be joined. Accordingly, since it has been shown 
that 
CI =736, 
where EC = 10,000, 
and 
angle ECI=60°; 
hence in triangle ECI 
base HI =9,655; 
and 
angle CHI =3°47’, 
which is the difference between angle ACE and 
angle CIE. But 
angle ACE =120°. 


Accordingly 
angle CIE =116°13’. 
But also 
angle F[B=120°, 

since by construction 

angle FIB=2 ECT; 
and 

angle CIF =180°—120°=60°; 

[and 
angle BIE =63°47'] 
hence by subtraction | 

angle HIF =56°13’. 
But it was shown that 

bBo 

where EI =9,655; 
and EI and IF comprehend the given angle EJF. Hence it is inferred that 
angle FEI =1°4’; 
and by subtraction 
angle CEF =2°44’, 
which is the difference between the centre of the orbital circle of the planet 
and the mean position of the sun; and 
side EF =9,540. 
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Now let GH the orbital circle of Mercury be described around centre F; 
and from E let EG be drawn touching the orbital circle, and let FG and FH 
be joined. 

We must first examine how great the radius FG or FH is under these cir- 
cumstances; and we shall do that as follows’ 

For let a small circle be taken, whose 

diameter = 380, 
where AC = 10,000. 
And let it be understood that the planet on straight line FG or FH approaches 
and recedes from centre F along that diameter or along a line equal to it, as 
we set forth above in connection with the precession of the equinoxes. And 
in accordance with our hypothesis, wherein angle BCE intercepts 60° of the 
circumference, let 
arc KM =120°; 
and let MN be drawn at right angles to KL. And since 
MN = ch. 2ML=¥% ch. 2 KM, 
then 
LN =95, 
which is one quarter of the diameter—as is shown by [168%] Euclid’s Elements, 
xu, 12 and v, 15. Accordingly, 
KN=% KD= 286. 
Line KN and the least distance of the planet added together make the distance 
sought for this position, 7.e., 
FG=FH =3,858, 
where AC = 10,000 
and EF =9,540. 
Wherefore two sides of right triangle FEG or FEH have been given: so angle 
FEG or FEH will also be given. For 
FG=FH =4,044, 
where EF = 10,000; 
and 
FG=FH =ch. 23°52’, 
so that by addition 
angle GEH =47°44’. 
But at the lowest apsis only 4614° is seen, and at the mean apsis similarly 
4614°. Accordingly the elongation here becomes 1°14’ greater, not because 
the orbital circle of the planet is nearer to the Earth than it was at the perigee, 
but because the planet is here describing a greater circle than there. All these 
things are consonant with both present and past observations, and follow from 
the regular movements. 


29. EXAMINATION OF THE MEAN MOVEMENTS OF MERCURY 


For it is found by the ancient observations that in the 21st year of Ptolemy 
Philadelphus in the morning twilight of the 19th day of the month Thoth by 
the Egyptian calendar, Mercury was apparent on the straight line passing 
through the first and second of the stars in the forehead of Scorpio and was two 
lunar diameters distant to the east but was separated from the first star by one 
lunar diameter to the north. Now it is known that the position of the first star is 
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20924° in longitude and 114° in northern latitude; and the position of the second 
is 209° in longitude and 15° in southern latitude. From that it was concluded 
that the position of Mercury was 11024° in longitude and approximately 15¢° 
in northern latitude. Now there were 59 years 17 days 45 minutes [of a day] since 
the death of Alexander; and the mean position of the sun according to our calcu- 
lation was 228°8’; and the morning distance of the star was 17°28’ and was still 
increasing, as was noted during the four following days. Hence it was certain 
that the planet had not yet arrived at the farthest morning limit or at the point 
of tangency of its orbital circle, but was still moving in the lower part of the cir- 
cumference nearer to the Earth. But since the highest apsis was at 183°20’, there 
were 44°48’ to the mean position of the sun. 

[168>] Therefore again let ACB be the diameter of the great orbital circle, as 
above; and from centre C let CE the line 
of mean movement of the sun be drawn, 
in such fashion that 

angle ACE = 44°48’. 
And let there be described around centre 
I the small circle on which the centre F 
of the eccentric circle is borne. And since 
by hypothesis 

angle BIF=2 angle ACE, 

let 

angle BIF =89°36’. 
And let EF and ET be joined. 

Accordingly, in triangle ECI two sides 

have been given: 
CI =7364, 
where CE = 10,000. 
And sides CJ and CE comprehend the 
given angle EC7. And 
angle HCI = 180°—angle ACE = 
135°12’; side EJ = 10,534; 


and 
angle CEI =2°49’, 

which is the excess of angle ACE over angle EIC. 
Therefore too 

angle CIE =41°59’. 
But : 
angle CIF = 180°—angle BIF =90°24’. 
Therefore by addition 

angle HIF = 132°23’; 
and angle EIF is comprehended by the given sides EJ and JF of triangle EFI, 
and 

side EJ = 10,534 


and 
side JF =211%, 
where AC’ = 10,000. 
Hence 


angle FET =50’; 
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and 
side EF = 10,678 
And by subtraction 
angle CEF = 1°59’. 
Now let the small circle LM be taken; and let 
diameter LM =380, 
where AC = 10,000. 
And in accordance with the hypothesis let 
arc LN =89°36’. 
Let chord LN also be drawn; and let NR be drawn perpendicular to LM. Ac- 
cordingly, since 
sq. LN=rect. LM,LR; 
that ratio being given, 
side LR = 189, 
where diameter LM =380. 
That straight line, 7.e., LR, measures the distance of the planet from F the centre 
of its orbital circle at the time when line EC has completed angle ACE. Accord- 
ingly, by the addition of this [169] line to the least distance 
189++-3 573 =3,672, 
which is the distance at this position. 

Accordingly, with the centre F and radius 3,762, let a circle be described; and 
let EG be drawn cutting the convex circumference at point G, in such a way that 
angle CEG = 17°28’, 
which is the apparent angular elongation of the planet from the mean position 

of the sun. Let FG be joined; and let FK be drawn parallel to CE. Now 
angle FEG=angle CEG—angle CEF = 15°29’. 
Hence in triangle EFG two sides have been given; 
EF =10,678, 
and 
FG =3,762, 
and 
angle FEG = 15°29’: 
whence it will be clear that 
angle EFG =33°46’. 
Now, since 
angle EFK =angle CEF, 
angle KFG=angle EFG—angle RFK =31°48’; 
and 
arc KG=31°48’, 
which is the distance of the planet from K the mean perigee of its orbital circle. 
Are KG+180° =211°48’, 
which was the mean movement of the anomaly of parallax at the time of this 
observation—as was to be shown. 


30. On THREE MopERN OBSERVATIONS OF THE MOVEMENTS OF MERCURY 


The ancients have directed us to this method of examining the movement of 
this planet, but they were favoured by a clearer atmosphere at a place, where 
the Nile—so they say—does not give out vapours as the Vistula does among 
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us. For nature has denied that convenience to us who inhabit a colder region, 
where fair weather is rarer; and furthermore on account of the great obliquity 
of the sphere it is less frequently possible to see Mercury, as its rising does not 
fall within our vision at its greatest distance from the sun when it is in Aries 
or Pisces, and its setting in Virgo and Libra is not visible; and it is not apparent 
in Cancer or Gemini at evening or early morning, and never at night, except 
when the sun has receded through the greater part of Leo. On this account the 
planet has made us take many detours and undergo much labour in order to 
examine its wanderings. On this account we have borrowed three positions from 
those which have been carefully observed at Nuremburg. 

The first observation was taken by Bernhard Walther, a pupil of Regio- 
montanus, in the year of Our Lord 1491 on the 9th of September, the fifth day 
before the Ides, 5 equal hours after midnight, by means of an astrolabe brought 
into relation with the Hyades. And he saw Mercury at 1314° [169°] of Virgo 
with a northern latitude of 156°; and at that time the planet was at the be- 
ginning of its morning occultation, while during the preceding days its morning 
[elongation] had decreased continuously. Accordingly there were 1491 Egyptian _ 
years 258 days 1214 minutes [of a day] since the beginning of the years of Our 
Lord; the simple mean position of the sun was at 149°48’ from the spring equi- 
nox but in 26°47’ of Virgo, wherein the position of Mercury was approximately 
13)4°. 

The second was taken by Johann Schoéner in the year of Our Lord 1504 on the 
5th day before the Ides of January 61% hours after midnight, when 10° of Scor- 
pio was in the middle of the heavens over Nuremburg; and the planet was ap- 
parent at 314° of Capricorn with a northern latitude of 45’. Now by our calcula- 
tion the mean position of the sun away from the spring equinox was at 27°7’ of 
Capricorn and a morning Mercury was 23°42’ to the west of that. 

The third observation was taken by this same Johann SchGner in the same 
year 1504 on the 15th day before the Kalends of April, at which time he found 
Mercury at 26149° of Aries with a northern latitude of approximately 3°, while 
25° of Cancer was in the middle of the heavens over Nuremburg—as seen 
through an astrolabe brought into relation with the Hyades, at 121% hours after 
midday, at which time the mean position of the sun away from the spring equi- 
nox was at 5°39’ of Aries, and an evening Mercury was 21°17’ away from the sun. 

Accordingly from the first position to the second, there are 12 Egyptian years 
125 days 3 minutes [of a day] 45 seconds, during which time the simple move- 
ment of the sun was 120°14’, and Mercury’s movement of anomaly of parallax 
was 316°1’. During the second interval there were 69 days 31 minutes 45 seconds 
the simple mean position of the sun was 68°32’, and Mercury’s mean anomaly 
of parallax was 216°. 

Accordingly we wish to examine the movements of Mercury during our time 
by means of these three observations, and I think we must grant that the com- 
mensurability of the circles has remained from Ptolemy’s time to now, since in 
the case of the other planets the good authorities who preceded us are not found 
to have been mistaken here. If we have the position of the apsis of the eccentric 
circle together with these observations, nothing further should be desired in the 
case of the apparent movement of this planet. Now we have taken the position 
of the highest apsis as 21114°, 2.e., at 2814° of Scorpio; for it was not possible to 
take it as less without prejudice to the observations. And so we shall have the 
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anomaly of the eccentric circle—I mean [170°] the distance of the mean move- 
ment of the sun from the apogee—as 298°15’ at the first terminus, as 58°29’ at 
the second, and as 127°1’ at the third. 
Therefore let the figure be constructed as before, except that 
angle ACH =61°45’, 
which measures the westward distance of 
the line of mean movement of the sun from 
the apogee at the time of the first observa- 
tion; and then the rest according to the 
hypothesis. And since 
IC=736%, 
where AC'= 10,000; 
and angle CT in triangle ECT is also given; 
then 
angle CET =3°35’, 
and 
side JE = 10,369, 
where £C' = 10,000; 
and 
IF=211%. 
So in triangle EFI also there are two sides 
having a given ratio; and since by con- 
struction 
angle BIF =2 angle ACE; 
angle BIF =123)6°, 


and 
angle CIF = 180°—12314° =5614°. 

Therefore by addition 
Accordingly angle HIF =114°40’. 

angle [EF =1°5’, 
and 

side HF = 10,371. 
Hence 


angle CEF=214°. 

But in order that we may know how greatly the orbital circle, whose centre is 
F, is increased by the movement of approach and withdrawal from the apogee 
or perigee, let a small circle be drawn and quadrisected by the diameters LM, 
NR at centre O. And let 

angle POM =2 angle ACE =12314°; 
and from point P let PS be drawn perpendicular to Ldf. Accordingly by 
the ratio given, 
OP :OS=LO : OS =10,000 : 8,349 =190 : 105. 


LS = 295, 
where [170°] AC=10,000; 
and LS measures the farther removal of the planet from centre F. 
As the least distance is 3,573, 
LS+3,573 =3,868, 
which is the present distance. 


Whence 
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And with 3,868 as radius and F as centre, let circle HG be drawn. Let EG be 
joined; and let EF be extended in the straight line EFH. Accordingly, it has 
been shown that 

angle CHF =216°, 
and by observation 

angle GEC =1314°, 
which is the morning distance of the 
planet from the mean sun. 
Therefore by addition 

angle FEG=1534°. 
But in triangle EFG 

EF : EG=10,371 : 3,868; 

and angle EFG is also given; that shows 
us that 

angle HGF =49°8’. 
Hence 

angle GFH = 64°53’, 
as it is the exterior angle; and 

360° —angle GFH =295°7’, 
which is the true anomaly of parallax. 
And 
295°7'+angle CEF =297°37’, 

the mean and regular anomaly of paral- 
lax—which is what we were looking for. 


And 
297°37'+316°1' = 253°38’, 
which is the regular anomaly of parallax at the second observation—and we 
shall show that this number is certain and is consonant with the observations. 
For let us make 


angle ACE = 58°29’ 
in accordance with the second movement of anomaly of the eccentric circle. 
Then also in triangle CEJ two sides are given: 

IC =736, 
where EC = 10,000; 

and JC and EC comprehend angle ECT, and 

angle HCI =121°31’; 
accordingly 

side EI = 10,404 


angle CEI =3°28’. 
Similarly, since in triangle EJF 
angle HIF =118°3’, 


and 


and 
side JF =2114°, 
where JE = 10,404: 
side HF = 10,505, 
and 
angle JEF=61’. 
And so by subtraction 


angle FEC =2°27’, 
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which is the additive additosubtraction of the eccentric circle; and the addition 
of angle FEC to the mean movement of parallax makes the true movement to 
be 256°5’. 
Now also in the epicycle of approach [1714] and withdrawal let us take 
angle LOP =2 angle ACE =116°58’. 
Then too, as in right triangle OPS 
OP :OS=1,000 : 455; 
OS = 85, 
where OP =OL=190. 
And by addition LOS =276. 


The addition of LOS to the least distance of 3,573 makes 3,849. 

With 3,849 as radius let circle HG be described around centre F, so that the 
apogee of parallax is at point H from which the planet has the westward dis- 
tance of 103°55’ of arc HG, which measures the difference between a full revo- 
lution and the 256°5’ of the movement of corrected parallax. And on that 
account 

angle EFG = 180° — 103°55’ = 76°5’. 
So again in triangle EFG two sides are given: 
FG =3,849, 
where EF = 10,505. 
On that account 
angle FEG = 21°19’; 


angle CEG =angle FEG+ angle CEF = 23°46’. 
That is the apparent distance between C' the centre of the great orbital circle 
and G the planet; and it differs very little from the observation. 
All this will be further confirmed by the third example, wherein we have set 
down that 


and 


angle ACE =127°1’, 
or 
angle BCE = 180° — 127°1’ = 52°59’. 
Hence it is shown that 
angle CET =3°31’, 
and 
side JE =9,575, 
where EC = 10,000. 
And since by construction 
angle HIF = 49°28’, 
and the sides comprehending angle EJF are 
given: 
F[=211, 
where EJ =9,575; 
side EF =9,440, 
and 
angle JEF =59’. 

Angle FEC =angle [EC —59’ = 2°32’, 
which is the subtractive additosubtraction of the 
anomaly of the eccentric circle. When the 2°32’ 
has been added to the mean anomaly of parallax, 
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which we reckoned as 109°38’ after adding the 216° of the second [movement of 
anomaly], the sum will be the 112°10’ of the true anomaly of parallax. 

Now in the epicycle let 

angle LOP =2 angle ECI = 105°58’; 
here too by the ratio PO : OS, 
so that by addition OS =52, 
LOS = 242. 
Now the least distance is 3,573; and 
3,0(a+242 =3,815, 
which is the corrected distance. 

With 3,815 as radius and F as centre, let the circle be described, in which the 
highest apsis of parallax is H, which is on the straight line made by extending 
line #FH. And in proportion to the true anomaly of parallax [171 ] let 

are HG@=112°10'; 
and let GF be joined. Therefore 
angle GFE = 180° — 112°10’ =67°50’, 
which is comprehended by the given sides: 
GF =3,815 
and 
EF =9,440. 


angle FEG =23°50’. 
Now angle CEF is the additosubtraction; and 
angle CEG =angle FEG—angle CEF =21°18’, 
which is the apparent angular distance between the evening planet and the 
centre of the great orbital circle. And that is approximately the distance found 
by observation. 

Therefore these three positions which are in agreement with observations 
testify indubitably that the position of the highest apsis of the eccentric circle 
is the one which we assumed at 21114° in the sphere of the fixed stars for our 
time; and that what follows is also certain, namely, that the regular anomaly of 
parallax was 297°37’ at the first position, 253°38’ at the second, and 109°38’ at 
the third position; and that is what we were looking for. 

But at the ancient observation made in the 21st year of Ptolemy Philadelphus 
in the early morning of the 19th day of Thoth, the Ist month of the Egyptian 
calendar the position of the highest apsis of the eccentric circle was 182°20’ 
according to Ptolemy, and the position of regular anomaly of parallax was 
211°47’. Now the time between this latest and that ancient observation amounts 
to 1768 Egyptian years 200 days 33 minutes [of a day], during which time the 
highest apsis of the eccentric circle moved 28°10’ in the sphere of the fixed stars, 
and the movement of parallax was 257°51’ besides the 5,570 complete [1723] 
revolutions—as approximately 63 periods are completed in 20 years and that 
amounts to 5,544 periods in 1,760 years and 26 revolutions in the remaining 8 
years 200 days. Similarly in the 1,768 years 200 days 33 minutes there are in 
addition to the 5,570 revolutions 257°51’, which is the distance between the posi- 
tion observed in ancient times and the one observed by us. That agrees with the 
numbers which we set out in the tables. Now when we have compared the 28°10’ 
with the time during which the apogee of the eccentric circle has moved, it will 
be seen to have moved 1° per 63 years, if only the movement were regular. 


Hence 
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31. On DETERMINING THE FORMER PosIrions oF MERCURY 


Accordingly there have been 1504 Egyptian years 87 days 48 minutes [of a 
day] from the beginning of the years of Our Lord to the hour of the last observa- 
tion, during which time Mercury’s movement of anomaly of parallax was 63°14’ 
—not counting the complete revolutions. When 63°14’ has been subtracted from 
109°38’, it will leave 46°24’ as the position of the movement of anomaly at the 
beginning of the years of Our Lord. 

Again between that time and the beginning of the first Olympiad there are 
775 Egyptian years 1214 days, during which the movement was calculated to 
be 95°3’ besides the whole revolutions. 

If 95°3’ is subtracted from the position at the beginning of the years of our 
Lord and one revolution is borrowed, 311°21’ will be left as the position at the 
time of the first Olympiad. 

Moreover between this and the death of Alexander there are 451 years 247 
days, and by computation the position is 213°3’. 


32. On ANOTHER EXPLANATION OF APPROACH AND WITHDRAWAL 


But before we leave Mercury, let us survey another method no less credible 
than the former, by which that approach and withdrawal can take place and 
can be understood. 

For let GHKP be a circle quadrisected at centre F, and around centre F let 
LM a small homocentric circle be inscribed. 
And again, with L as centre and radius LFO 
equal to FG or FH, let another circle OR be 
described. 

Now let it be postulated that this whole con- 
figuration of circles [172°] together with its sec- 
tions GFR and HFP moves eastward around 
centre F in a daily movement of approximately 
2°7’—namely, a movement as great as that 
whereby the movement of parallax of the planet 
exceeds the movement of the Earth in the eclip- 
tic—away from the apogee of the eccentric 
circle. of the planet; and the planet meanwhile 
furnishes the remaining movement away from 
G along OR the proper circle of parallax; and 
this movement, is approximately equal to the 
terrestrial movement. Let it also be assumed that in this same annual revolution 
the centre of OR, the orbital circle which carries the planet, is borne by a move- 
ment of libration along a diameter LF M which is twice as great as the one which 
we laid down at first; and let it move back and forth, as was said above. 

With this as the set-up, we have placed the Earth by its mean movement in 
a position corresponding to the apogee of the eccentric circle of the planet; and 
at that time the centre of the orbital circle carrying the planet, at L; and the 
planet itself, at point O. The planet then being at its least distance from F will 
describe by its whole movement its least circle, whose radius is FO. Conse- 
quently, when the Earth is in the neighbourhood of the mean apsis, the planet 
falling upon point H at its greatest distance from F will describe its greatest 
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arcs, namely in proportion to the circle having F as centre. For at that time OR 
the deferent coincides with circle GH on account of the unity of centre at F. 
Hence as the Earth advances in the direction of the perigee and the centre of the 
orbital circle Of towards M the other extreme, the orbital circle itself is placed 
beyond GK, and the planet at R again is at its least distance from F, and the 
same things occur as in the beginning. For here the three revolutions—namely, 
that of the Earth through the apogee of the eccentric orbital circle of Mercury, 
the libration of the centre along diameter LM, and the movement of the planet 
in the same direction away from line FG—are equal to one another, and only 
the. movement of the sections GH and KP away from the apsis of the eccentric 
circle is different from those revolutions, as we said. 

And so in the case of this planet nature has sported a wonderful variety, but 
one which she has confirmed by a perpetual, certain, and unchanging order. 
And we should note here that the planet does not traverse the middle spaces of 
quadrants GH and KP without any irregularity in longitude, provided that 
the diversity of the centres, which comes into play, necessarily makes some 
additosubtraction; but the instability of that centre prevents that. For if, for 
example, the centre abided at Z and the planet proceeded from O, then it would 
admit greatest irregularity at H in proportion [173*] to the eccentricity FL. But 
it follows from the assumptions that the planet proceeding from O begins and 
promises to cause the irregularity which is due to FL the distance between the 
centres; but as the mobile centre approaches the midpoint F, more and more 
is taken away from the promised irregularity, and it is made void to such an 
extent that it wholly vanishes at the mean sections H and P, where you would 
expect it to be greatest. And nevertheless, as we acknowledge, when the planet 
is made small beneath the rays of the sun!, it undergoes occultation; and when 
the planet is rising or setting in the morning or evening, it is not discernible on 
the curves of the circle. And we are unwilling to pass over this method which is 
no less rationable than the former, and which will come into open use in connec- 
tion with the movements in latitude. 


33. ON THE TABLES OF THE ADDITOSUBTRACTIONS OF THE 
Five WANDERING STARS 


These things have been demonstrated concerning the regular and apparent 
movements of Mercury and the other planets and set out in numbers. And by 
their example the way to calculating differences of movement for certain other 
positions will be clear. And for this use we have made ready separate tables for 
each planet: six columns, thirty rows, ascending by triads of 3°, as is usual. The 
first two columns will contain the common numbers—both of the anomaly of 
the eccentric circle and of the parallax. The third, the sums of the additosub- 
tractions of the eccentric circle—I mean the total differences occurring between 
the regular and irregular movements of the orbital circles. The fourth, the pro- 
portional minutes—and they go up to 60’—by which the parallaxes are increased 
or diminished on account of the greater or lesser distance of the Earth. The fifth, 
the additosubtractions which are the parallaxes occurring at the highest apsis 
of the eccentric circle and which arise from the great orbital circle. The sixth 
and last, their excesses over the parallaxes which take place at the lowest apsis 
of the eccentric circle. And the tables are as follows: 

4.e., when the planet is in conjunction with the sun. 


Addito- Parallazxes Excesses 

Common subtractions Proportional of the over the 

of the orbital parallax 
Numbers eccentric Minutes circle of of the lowest 

circle the Earth apsis 
Deg. Deg. Deg. Min. Min. Deg. Min. Deg. Min. 

SS 357 0 20 0 0 17 0 2 
6 354 0 40 0 0 34 0 4 
9 351 0 58 0 0 51 0 6 
12 348 1 4 0 1 3 0 8 
15 345 1 36 1 1 23 0 10 
18 342 1 55 1 1 40 0 12 
21 339 2 13 1 1 56 0 14 
24 336 2 Sil 2 2 11 0 16 
27 333 2 49 2 2 26 0 18 
30 330 3 6 3 2 42 0 19 
33 327 3 33 3 4 56 0 21 
36 324 3 39 4 8 10 0 23 
39 321 3 So 4 3 25 0 24 
42 318 4 10 5 3 38 0 26 
45 315 4 25 6 3 52 0 27 
48 312 4 39 is 4 ° 0 29 
51 309 4 52 8 4 17 0 31 
54 306 5 5 9 4 28 0 33 
57 303 5 17 10 4 38 0) 34 
60 300 5 29 11 4 49 0 3D 
63 297 5 41 12 4 59 0 36 
66 294 5 50 13 5 8 0 37 
69 291 5 59 14 5 17 0 38 
72 288 6 7 16 5 24 0 38 
15 285 6 14 17 5 ol 0 39 
78 282 6 19 18 5 37 0 39 
81 279 6 23 19 5 42 0 40 
84 276 6 27 2i 5 46 0 41 
87 273 6 29 22 5 50 0 42 
90 270 6 31 23 5 2 0 42 
93 267 6 31 25 9 2 0 43 
96 264 6 30 27 5 53 0 44 
99 261 6 28 29 5 53 0 45 
102 258 6 26 or 5 51 0 46 
105 255 6 22 32 5 48 0 46 
108 252 6 17 34 5 45 0 45 
11 249 6 k2 20 5 40 0 45 
114 246 6 6 36 5 36 0 44 
H17 243 5 58 38 5 29 0 43 
120 240 5 49 39 5 22 0 42 
123 237 5 40 41 5 13 0 41 
126 234 5 28 42 5 3 0 40 
129 23 5 16 44 4 52 0 39 
132 228 5 3 46 4 41 0 37 
135 225 4 48 47 4 29 0 35 
138 222 4 33 48 4 15 0 34 
141 219 4 17 50 4 1 0 32 
144 216 4 0 mt 3 46 0 30 
147 213 3 42 52 3 30 0 28 
150 210 3 24 oo 3 13 0 26 
153 207 3 6 54 2 56 0 24 
156 204 2 46 55 4 38 0 22 
159 201 2 p74 56 2 21 0 19 
162 198 2 a 57 2 2 0 17 
165 195 1 46 58 1 42 0 14 
168 192 1 25 59 1 22 0 12 
171 189 1 4 59 1 Be 0 9 
174 186 0 43 60 0 42 0 7 
iw 183 0 22 60 0 yall 0 4 
180 180 0 0 60 0 0 0 0 
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ADDITIONS-AND-SUBTRACTIONS OF SATURN 
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ADDITIONS-AND-SUBTRACTIONS OF JUPITER 


Addito- Parallazes Excesses 
Common subtractions Proportional of the over the 
of the orbital parallax 
Numbers eccentric Minutes circle of of the lowest 
circle the Earth apsis 
Deg. Deg. Deg. Min. Min. Sec. Deg. Min. Deg. Min. 
4 357 0 16 0 2) 0 28 0 2 
6 354 0 31 0 12 0 56 0 4 
9 351 0 47 0 18 1 25 0 6 
12 348 1 2 0 30 1 oo 0 8 
15 345 1 18 0 45 2 19 0 10 
18 342 1 33 1 3 2 46 0 13 
21 339 1 48 1 23 3 ie 0 ‘es 
24 336 2 2 1 48 3 40 0 17 
27 Goo 2 17 2 18 4 6 0 19 
30 330 2 31 2 50 4 32 0 gi 
33 327 2 44 3 26 4 57 0 23 
36 324 2 58 4 10 5 22 0 25 
39 521 3 11 5 40 5 47 0 dd 
42 318 3 23 6 43 6 Lt 0 29 
45 B15 3 35 7 48 6 34 0 31 
48 212 o 47 8 50 6 56 0 34 
61 309 3 58 9 53 vi 18 0 36 
54 306 4 8 10 57 7 39 0 38 
57 303 4 17 12 0 if 58 0 40 
60 300 4 26 13 10 8 uff 0 42 
63 297 4 35 14 20 8 35 0 44 
66 294 4 42 15 30 8 62 0 46 
69 291 4 50 16 50 9 8 0 A8 
42 288 4 56 18 10 9 Pag 0 50 
5 285 & 1 19 17 9 35 0 52 
78 282 5 5 20 40 9 47 0 54 
81 279 5 9 22 20 9 59 0 65 
84 276 S 12 23 50 10 8 0 56 
87 273 5 14 25 23 10 V7 0 57 
90 270 5 15 26 57 10 24 0 58 
93 267 5 15 28 33 10 25 0 59 
96 264 5 15 30 12 10 ao 1 0 
99 261 5 14 31 43 10 34 1 1 
102 258 5 12 33 17 10 34 1 1 
105 255 o 10 34 50 10 33 ji 2 
108 252 5 6 36 21 10 29 1 3 
Ad 249 5 | of 47 10 23 1 3 
114 246 4 55 39 0 10 15 i} 3 
117 243 4 49 40 25 10 5 i! 3 
120 240 4 41 41 50 9 54 i. 2 
123 237 4 a2 43 18 9 41 1 1 
126 234 4 23 44 46 9 25 if 0 
129 231 4 13 46 1j 9 8 0 59 
132 228 4 2 47 234 8 56 0 58 
135 225 3 50 49 2 8 27 0 57 
138 222 3 38 50 22 8 5 0 55 
141 219 3 25 5), 46 74 39 0 53 
144 216 3 13 53 6 i 12 0 50 
147 213 2 59 54 10 6 43 0 47 
150 210 % 45 5a 15 6 13 0 43 
153 207 2 30 56 12 5 41 0 39 
156 204 2 5 57 0 5 4 0 35 
159 201 ] 59 bys oo 4 32 0 31 
162 198 1 43 58 6 3 56 0 27 
165 195 I vag 58 34 3 18 0 23 
168 192 1 il 59 3 2 40 0 19 
7 189 0 53 59 36 Z 0 0 15 
174 186 0 35 59 58 iI 20 0 11 
17d. 183 0 7 60 0 0 40 0 6 
180 180 0 0 60 0 0 0 0 0 
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Common 

Numbers 
Deg Deg. 
2 367 
6 354 
9 35% 
2 348 
15 345 
18 342 
21 339 
24 336 
20 333 
30 330 
33 g27 
36 324 
39 321 
42 318 
45 315 
48 colle. 
51 309 
54 306 
57 303 
60 300 
63 297 
66 294 
69 291 
72 288 
75 285 
78 282 
81 279 
84 276 
87 273 
90 270 
93 267 
96 264 
99 261 
102 258 
105 256 
108 252 
111 249 
114 246 
nue 243 
120 240 
123 237 
126 234 
129 231 
132 228 
135 225 
138 eg 
141 219 
144 216 
147 293 
150 210 
153 207 
156 204 
159 201 
162 198 
165 195 
168 192 
171 189 
174 186 
177 183 
180 180 


ADDITIONS-AND-SUBTRACTIONS OF Mars 


Addtito- 
subtractions 


of the 


eccentric 


Deg. 


WOOO CO WOONNAOD DOC h# OO WN NH eH © 


COOH HNWWRAHIOONNDWDHOO 


circle 
M t n. 
32 


Proportional 
Minutes 
Min. Sec. 

0 0 
0 2 
(6) 7 
0 15 
0 28 
0 42 
0 57 
il 13 
1 34 
2 1 
2 31 
a 2 
2 32 
4 3 
4 ov 
5 16 
6 2 
6 50 
7 39 
8 30 
9 Qi 
10 25 
11 28 
We 33 
a} 38 
14 46 
16 4. 
We 24 
18 45 
20 8 
Zl 32 
22 58 
24 oe 
26 7 
Oh 43 
29 21 
Sul 2 
32 46 
34 41 
36 16 
38 1 
39 46 
41 30 
43 12 
44 50 
46 26 
48 1 
49 ao 
51 2 
yy Ze 
53 38 
54 50 
56 0 
oT 6 
57 54 
58 2 
58 50 
59 11 
59 44 
60 0 


Parallazes Excesses 
of the over the 
orbital parallax 

circle of of the lowest 
the Earth apsis 
Deg. Min. Deg. Min. 
1 8 0 8 
2 16 0 is 
3 24 0 25 
4 31 0 338 
5 38 0 41 
6 45 0 50 
(i 52 0 59 
8 58 1 8 

10 5 A 1 16 

Hal 11 I 25 

iz 16 1 34 

13 22 1 43 

14 26 1 52 

15 31 2 2 
16 35 2 11 
17 39 2 20 
18 42 2 30 
19 45 2 40 

20 47 2 50 

25 49 3 0 

22 50 3 11 

23 48 2 22 

24 47 2 34 

25 44 3 46 

26 40 3 59 

oF 35 4 11 

28 29 4 24 

29 21 4 36 

30 12 4 50 

31 0 5 5 

31 45 5 20 

32 30 5 35 

33 ie 5 51 

33 os 6 7 

34 30 6 25 

35 3 6 45 

35 34 q 4 

35 59 i 25 

36 Al a 46 

36 oT 8 11 

36 49 8 34 

36 54 8 59 

36 63 9 24 

36 45 9 49 

36 25 10 17 

35 59 10 47 

35 25 1 15 

34 30 el 45 

33 24 ie 12 

32 3) 12 35 

30 26 A, 54 

28 5 13 28 

26 8 18 4 

23 28 12 47 

20 21 12 2 

16 BS | 10 59 
13 1 9 i 
8 ol 6 40 
4 32 3 28 
0 0 0 0 
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ADDITIONS-AND-SUBTRACTIONS OF VENUS 


Addito- Parallazxes | Excesses 
Common subtractions Proportional of the over the 
of the orbital parallax 
Numbers eccentric Minutes circle of of the lowest 
circle the Earth | apsis 
Deg. Deg. Deg. Min. Min. Sec. Deg. Min. Deg. Min. 
3 IG 0 6 0 0 sl 5) | 0 i, 
6 354 0 13 0 0 2 30 0 Z 
9 351 0 19 0 10 a 45 0 3 
12 348 0 25 0 39 4 59 0 5 
15 345 0 31 0 58 6 1 0 6 
18 342 0 36 1 20 7 28 0 7 
21 339 0 42 1 39 8 42 0 9 
24 336 0 48 Z 238 9 56 0 11 
i 333 0 53 2 59 11 10 0 12 
30 330 0 59 3 38 12 24 0 3 
33 Svat il 4 4 18 Io at 0 14 
36 324 i 10 5 3 14 50 0 16 
39 321 1 15 5 45 16 3 0 17 
42 318 i 20 6 32 17 16 0 18 
45 315 1 25 a 22 18 28 0 20 
48 Ble 1 29 8 18 19 40 0 pas | 
51 309 1 33 9 31 20 52 0 22 
54 306 1 36 10 48 22 3 0 24 
57 303 | 40 12 8 23 14 0 26 
60 300 1 43 13 32 24 24 0 27 
63 297 1 46 15 8 25 34 0 28 
66 294 1 49 16 35 26 43 0 30 
69 291 1 52 18 0 27 52 0 4 
72 288 1 54 19 oS 28 OW 0 34 
75 285 i 56 21 8 30 4 0 36 
78 282 | 58 22 32 31 9 0 38 
81 279 1 59 24 4 a2 pts 0 41 
84 276 2 0 25 30 33 17 0 43 
87 273 2 0 27 5 34 20 0 45 
90 270 2 0 28 28 aD Zi 0 47 
93 267 2 0 29 58 36 20 0 50 
96 264 4 0 ae 28 37 17 0 53 
99 261 | 1 59 32 57 38 13 0 55 
102 258 1 58 34 26 39 a 0 58 
105 255 1 57 35 55 40 0 1 0 
108 200 1 5° 59 ot 23 40 49 1 4 
Dg 249 i 5 3 38 52 41 36 8 
114 246 1 51 40 19 42 18 1 it 
a17 243 1 48 4) 45 42 59 1 14 
120 240 1 45 43 10 43 So i] 18 
123 237 1 42 44 37 44 7 1 22 
126 234 1 39 46 6 44 a2 1 26 
129 231 1 30D 47 36 44 49 1 50 
132 228 1 31 49 6 45 4 il 36 
35 225 i wif 50 2 45 10 1 41 
138 2c 1 22 aa 17 45 3 1 47 
141 219 1 17 52 33 44 Si 1 53 
144 216 1 f 53 48 44 22 2 0 
147 D ibe: i a 54 28 43 36 Je 6 
150 210 1 1 So 0 42 34 ve 13 
153 207 0 55 55 57 41 i2Z 2 19 
156 204 0 49 56 47 30 20 2 34 
159 201 0 43 oF 33 36 58 4 af 
162 198 0 a7 58 16 oo 58 2 Za 
165 195 0 31 58 59 30 14 4 27 
168 192 0 25 59 39 25 42 2 16 
171 189 0 19 59 48 20 20 1 56 
174 186 0 13 59 54 14 if i 26 
77 183 0 7 59 58 7 16 0 46 
180 180 0 0 60 0 0 16 0 0 


REVOLUTIONS OF HEAVENLY SPHERES, V 
ADDITIONS-AND-SUBTRACTIONS OF MERCURY 


Addito- Parallazes Excesses 

Common subtractions Proportional of the over the 

of the orbital parallax 
Numbers eccentric Minutes circle of of the lowest 

circle the Earth apsis 

Deg Deg. Deg. Min. Min. Sec. Deg. Min. Deg. Min 
3 357 0 8 0 3 0 44 0 8 
6 354 0 17 0 12 1 28 0 15 
9 351 0 26 0 24 Z iz 0 23 
12 348 0 34 0 50 2 56 0 3l 
15 345 0 43 I 43 3 41 0 38 
18 342 0 on 2 42 4 25 0 45 
21 339 0 59 2 51 5 8 0 53 
24 335 1 8 3 10 5 ol 1 1 
27. oo! 1 16 6 41 6 34 i 8 
30 330 1 24 8 29 a 15 a alll 16 
33 327 i 32 10 35) a 57 1 24 
36 324 1 39 12 50 8 38 1 32 
39 321 1 46 15 7 9 18 i) 40 
42 318 1 oS 17 26 9 59 1 47 
45 ais 2 0 19 47 10 38 i 55 
48 ola Z 6 22 8 tl ahr 2 2 
51 309 2 12 24 31 11 54 2 10 
54 306 2 18 26 le, 12 31 2 18 
57 303 2 24 29 17 13 a 2 26 
60 300 2 29 31 39 1s 41 2 34 
63 297 2 34 33 59 14 14 2 42 
66 294 2 38 36 12 14 46 2 51 
69 291 2 43 38 29 15 17 2 59 
72 288 2 47 40 A5 15 46 3 8 
v5 285 2 50 42 58 16 14 3 16 
78 282 2 a4 45 6 16 40 3 24 
81 279 2 56 46 59 AZ 4 3 32 
84 276 2 58 48 50 17 27 3 40 
87 273 2 59 50 36 17 48 2 48 
90 270 5 0 74 2 18 6 3 56 
93 267 3 0 53 43 18 23 4 3 
96 264 2 | bis 4 18 37 4 11 
99 261 3 0 56 14 18 48 4 19 
102 258 2 59 on 14 18 56 4 27 
105 255 2 58 58 | 19 2 4 34 
108 252 2 56 58 40 19 3 4 42 
MT 249 2 55 59 14 19 3 4 49 
114 246 2 os 59 46 18 59 4 54 
117 243 2 49 59 oe 18 od 4 58 
120 240 fe 44 60 0 18 42 5 2 
123 287 2 39 59 49 18 27 os 4 
126 234 2 34 59 35 18 8 5 6 
129 251 2 28 59 19 1%, 44 5 9 
4 228 2 22 58 59 17 sig 4 a 9 
135 225 2 16 58 32 16 44 5 6 
138 Dae 4 10 Ot 56 16 a 5 3 
141 219 2 3 56 41 16 Zs 4 59 
144 216 1 55 55 27 14 38 api 52 
147 203 1 47 54 55 iis 47 4 ai 
150 210 1 38 54 25 12 w2 4 26 
153 207 1 29 ot 54 11 51 4 10 
156 204 1 19 a4 23 10 44 3 53 
159 201 if 10 52 54 9 34 3 33 
162 198 1 0 52 23 8 20 3 10 
165 195 0 51 oe 18 7 4 Z 43 
168 192 0 41 52 8 5 43 2 14 
171 189 0 oih oe 3 4 19 1 43 
174 186 0 21 52 Z 2 54 i 9 
177 183 0 10 52 Z 1] 27 0 35 
180 180 0 0 524 -, 0 0 0 Q 
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34. How THE POSITIONS IN LONGITUDE OF THE FIVE PLANETS 
ARE CALCULATED 


[178>] Therefore by means of the tables drawn up in this way by us we shall cal- 
culate without any difficulty the positions in longitude of the five wandering stars. 
There is approximately the same method of computation in all of them, though 
the three outer planets differ slightly from Venus and Mercury in this respect. 

Therefore let us speak of Saturn, Jupiter, and Mars first. In their case the 
calculation is such that the mean movements—that is, the simple movement of 
the sun and the movement of parallax of the planet—are sought for any given 
time by the method described above. Next, the position of the highest apsis of 
the eccentric circle is subtracted from the simple position of the sun, and the 
movement of parallax is subtracted from the remainder; the first remainder is 
the anomaly of the eccentric circle of the planet. We shall look it up among the 
common numbers in one of the first two columns of the table, and correspond- 
ingly in the third column we shall take the additosubtraction of the eccentric 
circle, and the proportional minutes in the following column. We shall add this 
additosubtraction to the movement of anomaly of parallax and subtract it from 
the anomaly of the eccentric circle, if the number whereby we entered [the table] 
was found in the first column; and conversely we shall subtract it from the 
anomaly of the eccentric circle—if the number was found in the second column. 
The sum or remainder will be the corrected anomaly of parallax or the corrected 
anomaly of the eccentric circle—the proportional minutes being reserved for a 
use we shall speak of soon. Then we shall look up this corrected anomaly [of 
parallax] in the first two columns of common numbers; and from the corre- 
sponding place in the fifth column we shall take the additosubtraction arising 
from the movement of parallax, together with its excess found in the last col- 
umn; and of that excess we shall take the proportional part in accordance with 
the number of proportional minutes; and we shall always add this proportional 
part to the additosubtraction. The sum will be the true parallax of the planet; 
and is to be subtracted from the corrected anomaly of parallax, if the [corrected 
anomaly] is less than a semicircle, or added, if greater than a semicircle. For in 
this way we shall have the true and apparent distance of the planet westward 
from the mean position of the sun; and when we have subtracted that distance 
from the mean position of the sun, the remainder will be the sought position of 
the planet [1797] in the sphere of the fixed stars, and the addition of the preces- 
sion of the equinoxes will determine the position of the planet in relation to the 
spring equinox. 

In the case of Venus and Mercury we shall use the distance from the highest 
apsis to the mean position of the sun as the anomaly of the eccentric circle; and 
by means of this anomaly we shall correct the movement of parallax and the 
anomaly of the eccentric circle, as was said already. But if the additosubtrac- 
tion of the eccentric circle and the corrected parallax are of the same quality or 
species [7.e., are both additive or both subtractive], they are simultaneously add- 
ed to or subtracted from the mean position of the sun. But if they are of different 
species, the lesser is subtracted from the greater; and by means of the remainder 
there will take place that which we have just mentioned, according to the ad- 
ditive or subtractive property of the greater number; and the final result will be 
the position which we are looking for. 
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35. ON THE STATIONS AND RETROGRADATIONS OF THE 
FivE WANDERING STARS 


Moreover, the knowledge of where and when the stations, retrogradations, 
and returns take place and how great they are seems also to pertain to the ac- 
count of movement in longitude. The mathematicians, especially Apollonius of 
Perga, have dealt a good deal with them; but they have done so under the as- 
sumption of only one irregular movement, namely, that whereby the planets 
are moved with respect to the sun and which we have called the parallax due 
to the great orbital circle of the Earth. 

For if the circles of the planets—whereon all the planets are borne with un- 
equal periods of revolution but in the same direction, 7.e., towards the east—are 
homocentrie with the great orbital circle of the Earth, and some planet on its 
own orbital circle and within the great orbital circle, such as Venus or Mercury, 
has greater velocity than the movement of the Earth has; and 7f a straight line 
drawn from the Earth cuts the orbital circle of the planet in such a way that half the 
segment comprised within the orbital circle has the same ratio to the line which ex- 
tends from our point of vision the Earth to the lower and convex arc of the intersected 
orbital circle, as does the movement of the Earth to the velocity of the planet then, uf a 
point 1s made at the extremity of this line drawn to the arc which 1s at the perigee of 
the circle of the planet, the point will separate the retrogradation from the progres- 
sion, so that when the planet is at that position, tt will have the appearance of 
stopping. 

Similarly in the case of the three outer planets which have a movement slower 
than the velocity [179°] of the Earth, 2f a straight line drawn through our point of 
vision cuts the great orbital circle in such a way that half the segment comprised 
within the orbital circle has the same ratio to the line which extends from the planet 
to our point of vision located on the nearer and convex surface of the orbital circle, as 
does the movement of the planet to the velocity of the Earth; then the planet when in 
that position will present to our vision the appearance of stopping. 

But af half the segment comprised within the circle, as was said, has a greater ratio 
to the remaining external segment than the velocity of the Earth has to the velocity of 
Venus or Mercury, or than the movement of any of the three upper planets has to 
the velocity of the Earth; then the planet will progress eastward; but if the ratio 1s less, 
then zt will retrograde westward. 

In order to demonstrate all this, Apollonius took a certain lemma, which was 
in accord with the hypothesis of the immobility of the Earth but which none the 
less squares with our principle of terrestrial mobility and which for that reason 
we too shall employ. And we can enunciate it in this form: tf the greater side of a 
triangle 1s so cut that one of the segments ts not less than the adjoining side, then 
this segment will have a greater ratio to the remaining segment than the angles on 
the side cut, taken in reverse order, will have to one another. 

For let BC be the greater side of triangle ABC; and if on side BC 

CBAC 
then I say that 
CD:BD>angle ABC : angle BCA. 

Now it is demonstrated as follows. Let the parallelogram ADCE be com- 

pleted; and BA and CE extended will meet at point EZ. Accordingly since 
AE<AC, 


808 COPERNICUS 


the circle described with centre A and radius AE will F 
pass through C or beyond it. Now let GEC be the circle, 


and let it pass through C. Since 4 
trgl. AEF >sect. AEG, G 
while C 
trg]. AEC <sect. AEC; 
then 
trgl. AHF : trgl. AEC >sect. AEG : sect. AEC. A 
But 
trgl. AEF : trgl. AEC=base FE : base EC. D 
Therefore 
FE: EC>angle FAE : angle EAG. 
But 
FE: EC=CD: DB. 
And 
angle FAH =angle ABC; Fig. 83 
and 
angle HAC =angle BCA. 
Accordingly 


[1807] CD : DB>angle ABC : angle ACB. 
Now it is manifest that the ratio will be much greater if it is not assumed that 
CD =AC—AE 
but that 
CD>AE. 

Now let ABC be the circle of Venus or Mercury around centre D; and let the 
Earth £ outside the circle be movable around the same centre D. From E£ our 
point of vision let the straight line HCDA be drawn through the centre of the 
circle; and let A be the position farthest from the Earth, and C the nearest. And 
let DC be put down as having a greater ratio to CE than the movement of the 
point of vision has to the velocity of the planet. Accordingly it is possible to 
find a line EFB such that half BF has the same ratio to FE that the movement 
of the point of vision has to the movement of the planet. For let line EFB be 
moved away from centre D and be decreased along FB and increased along EF, 
until we meet with what is demanded. 

I say that when the planet ts set up at point F, rt will present lo us the appearance 
of stopping; and that whatever size of the arc we take on either side of F, we shall find 
the planet progressing, uf the arc 1s taken in the direction of the apogee, and retro- 
grading, uf in the direction of the perigee. 

For first let the arc FG be taken in the direction of the apogee: let EGK be 
extended, and let BG, DG, and DF be joined. Accordingly since in triangle BGE 
segment BF of the greater side BE is greater than BG, then 

BF : EF >angle FEG : angle GBF. 


Furthermore, 

l4BF : FE>angle FEG : 2 angle GBF, 
ee 

14BF : FE >angle FEG : angle GDF. 
But 


I4BF : FE=movement of Earth : movement of planet. 
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Therefore 
angle FEG : angle GDF <velocity of 

Earth : velocity of planet. 

Now let 
angle FEL : angle FDG=movement of 
Earth : movement of planet. 

Therefore 

angle FEL >angle FEG. 

Accordingly, during the time in which the planet 
traverses are GF of the orbital circle, our line of sight 
[180>] will be thought to have traversed during that 
time the contrary space between line EF and line EL. 
It is manifest that in the same time in which to our 
sight arc GF transports the planet westward in ac- 
cordance with the smaller angle FEG, the passage of 
the Earth drags it back eastward in accordance with 
the greater angle FEL, so that the planet will go on 
increasing its angular distance eastward by angle GEL 
and will not seem to have come to a stop yet. 

Now it is manifest that the opposite of this can be 
shown by the same means. If in the same diagram we put down that 

L4GK : GE =movement of Earth : velocity of planet; 
and if we take arc GF in the direction of the perigee and away from straight 
line EK, and join AF and make triangle KEF, where 
GE >EF; 


then 

KG : GE <angle FEG : angle FKG. 
Thus too 
- 16KG : GE <angle FEG : 2 angle FKG, 
1.€., 


14kG@: GE <angle FEG : angle GDF, 
conversely to what was shown before. And it is inferred by the same means that 
angle GDF : angle FEG <velocity of planet : velocity of line of sight. 
Accordingly, when angle GDF has been made greater, so that the angles have 
the same ratio, then the planet will complete a greater movement westwards 
than progression demands. 
Hence it is also manifest that if we make 
arc FC=arce CM 
the second station will be at point 1/7; and if line EMN is drawn, 
I6MN :ME=4BF : FE=velocity of Earth : velocity of planet; 
and accordingly points M and F will designate the two stations and will de- 
termine the whole arc FCM as retrogressive and the remainder of the circle as 
progressive. 
Moreover, it follows that at certain distances 
DC : CE >velocity of Earth : velocity of planet; 
and it will not be possible to draw another straight line in the ratio [which the 
velocity of the Earth has to the velocity of the planet]; and the planet will 
not seem to stop or to retrograde. For since it was assumed that in triangle DEG 
DC <EG; 
angle CEG : angle CDG <DC : CE: 
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but 
DC : CE>velocity of Earth : velocity of planet. 

Therefore also 

angle CEG : angle CDG <velocity of Earth : velocity of planet. 
Where that occurs, the planet will progress; [181*] and we shall not find any- 
where in the orbital circle of the planet an arc through which it seems to retro- 
grade. All this concerning Venus and Mercury, which are inside the great or- 
bital circle [of the Earth]. 

We can demonstrate this concerning the three outer planets by the same 
method and with the same diagrams—merely by reversing the names, so that 
we put down ABC as the great orbital circle of the Earth and as the circuit of 
our point of vision and the planet at £, whose movement in its own orbital cir- 
cle is less than the speed of our point of vision in the great orbital circle. The 
rest of the demonstration will proceed as before. 


36. How THE TIMES, POSITIONS, AND ARCS OF THE 
RETROGRADATIONS ARE DETERMINED 


Now if the orbital circles which bear the wandering stars were homocentric 
with the great orbital circle, it would be easy to establish that which the demon- 
strations promise, as the ratio of the velocity of the planet to the velocity of 
the point of vision would always be the same. But the orbital circles are eccen- 
tric, and hence their movements appear as irregular. For that reason it will be 
necessary for us to assume irregular and corrected movements everywhere as the 
differences of velocity and to employ them in the demonstrations, and not the 
simple and regular movements, except when the planet happens to be at its 
mean longitudes, the only place where it seems to be carried in its orbital circle 
with a mean movement. 

Now we shall show this in the case of Mars, so that the retrogradations of the 
other planets may become clearer by means of this ex- 
ample. For let ABC be the great orbital circle, on which 
our point of vision revolves; and let the planet be at 
point Z. From the planet let the straight line HCDA be 
drawn through the centre of the orbital circle; and let 
EFB also be drawn. Half of chord BF—z.e., chord 
GF—will have the ratio to line EF which the varying 
velocity of the planet has to the velocity of the line of 
sight, whereby it exceeds the planet. Our problem is to 
find arc FC of half the retrogradation, or ABF, so as to 
know at what distance from its farthest position from 
A the planet becomes stationary and what the angle 
comprehended by FEC is. For by means of this we shall 
foretell the time and position of such an affection of 
the planet. 

Now let the planet be placed at the mean apsis of the 
eccentric circle, where the movements of longitude and 
of anomaly differ very little from the regular move- 
ments. Therefore in the case of the planet Mars, since 
its mean movement [that is half of the line BF] [181°] 
is 1°8°7”’, the motion of parallax, which is the relation of our vision to the mean 
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movement of the star, consists of one part and is the straight line HF. Hence 

EB=3°?16'14" 
and likewise 

rect. BE, EF =3?16'14”. 
Now we have shown that 
DA =6,580, 
where DE = 10,000, 

and DA is the radius of the orbital circle. 


But 
DA = 39°29’, 
=where DE =60?; 
and 
AE : EC =99?29’ : 20°31’. 
And 


rect. AE, HC=rect. BE, EF =2,041°4’. 
Accordingly by reduction 
2,041°4’ +3°16'14" =62474’, 
and similarly 
side EF =24?58'52”, 
where DE =60?. 


But 
EF =4,163 
where DE = 10,000 
and DF =6,580. 


Accordingly, as the sides of triangle DEF are given, 

angle DEF = 27°15’, 
which is the angular retrogradation of the planet, and 

angle CDF = 16°50’, 
which is the angular anomaly of parallax. Accordingly, since the planet, when 
first stationary, appeared on line EF’; and the planet, when opposite the sun, on 
line EC; if the planet is not moved eastward, the 16°15’ of are CF will compre- 
hend the 27°25’ of angle AEF found to be the retrogradation; but according to 
the ratio set forth of the velocity of the planet to the velocity of our line of 
sight, 16°5’ corresponds to the section of the anomaly of parallax and approxi- 
mately 19°6’39” corresponds [to the section of the anomaly] of longitude 
of the planet. Now 

27°15/ — 19°6’39”” =8°8’, 

which is the distance from the other station to the solar opposition—and there 
are approximately 3614 days during which the anomaly in longitude is 19°6’39” 
—and hence the total retrogradation is 16°16’ in 73 days. These things which 
have been demonstrated for the mean longitudes of the eccentric circle can be 
similarly demonstrated for other positions—the planet being credited with an 
always varying velocity, according as its position demands, as we said. 

Hence in Saturn, Jupiter, and Mars the same way of demonstration is open, 
provided we take the point of sight instead of the planet and the planet instead 
of the point of sight. Now the reverse of what occurs in the orbital circles which 
the Earth encloses occurs in the orbital circles which enclose the Earth; and 
let that be enough, so that we won’t have to repeat the same old song. Never- 
theless, since the variable movement of the planet with respect to the point of 
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sight and to the ambiguity of the stationary points—of which the theorem of 
Apollonius does not relieve us—give no little difficulty; I do not know whether 
it would not be better to investigate the stations simply and in connection with 
the nearest position, by the method whereby we investigate by means of the 
known numbers of their movements the conjunction of the planet, when oppo- 
site the sun, with the line of mean movement of the sun, or the conjunctions of 
any of the planets. And we shall leave that to your pleasure. 


BOOK SIX 


[182*] WE have indicated to the best of our ability what power and effect the 
assumption of the revolution of the Earth has in the case of the apparent move- 
ment in longitude of the wandering stars and in what a sure and necessary order 
it places all the appearances. It remains for us to occupy ourselves with the 
movements of the planets by which they digress in latitude and to show how 
in this case too the selfsame mobility of the Earth exercises its command and 
prescribes laws for them here also. Moreover this is a necessary part of the 
science, as the digressions of these planets cause no little variation in the rising 
and setting, apparitions and occultations, and the other appearances of which 
there has been a general exposition above. And their true positions are said to 
be known only when their longitude together with their latitude in relation to 
the ecliptic has been established. Accordingly by means of the assumption of 
the mobility of the Earth we shall do with perhaps greater compactness and 
more becomingly what the ancient mathematicians thought to have demon- 
strated by means of the immobility of the Earth. 


1. GENERAL EXPOSITION OF THE DIGRESSION IN LATITUDE 
OF THE FIvE WANDERING STARS 


The ancients found in all the planets two digressions in latitude answering to 
their twofold irregularity in longitude—one digression taking place by reason 
of the eccentricity of the orbital circles, and the other in accordance with the 
epicycles. In place of the epicycles, as has been often repeated, we have taken the 
single great orbital circle of the Earth—not that the orbital circle has some in- 
clination with respect to the plane of the ecliptic fixed once and forever, since 
they are the same, but that the orbital circles of the planets are inclined to this 
plane [182°] with a variable obliquity, and this variability is regulated according 
to the movement and revolutions of the great orbital circle of the Earth. 

But since the three higher planets, Saturn, Jupiter, and Mars, move longi- 
tudinally under different laws from those under which the remaining two do, so 
also they differ not a little in their latitudinal movement. Accordingly, the 
ancients first examined where and how great their farthest northern limits in 
latitude were. Ptolemy found the limits in the ease of Saturn and Jupiter around 
the beginning of Libra, but in the case of Mars around the end of Cancer near 
the apogee of the eccentric circle. But in our time we found this northern limit 
in the case of Saturn at 7° of Scorpio, in the case of Jupiter at 27° of Libra, in 
the case of Mars at 27° of Leo, according as the apogees have been changing 
around down to our time; for the inclinations and the cardinal points of latitude 
follow upon the movement of those orbital circles. At corrected or apparent 
distances of 90° between these limits, they seem to be making no digression in 
latitude, wherever the Earth happens to be at that time. Therefore, when they 
are at these mean longitudes, they are understood to be at the common section 
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of their orbital circles with the ecliptic, just as the moon was at the ecliptic 
sections. Ptolemy calls these points the nodes: the ascending node, after which 
the planet enters upon northern latitudes; and the descending node, after which 
the planet crosses over into southern latitudes—not that the great orbital circle 
of the Earth, which always remains the same in the plane of the ecliptic, gives 
them any latitude; but every digression in latitude is measured from the nodes 
and varies greatly in positions different from the nodes. And according as the 
Earth approaches other positions, where the planets are seen to be opposite the 
sun and acronycti, the planets always move with a greater digression than in 
any other position of the Earth: in the northern semicircle to the north, and in 
the southern to the south, and with greater variation than the approach or with- 
drawal of the Earth demands. By that happening, it is known that the inclina- 
tion of their orbital circles is not fixed, but that it changes in a certain move- 
ment of libration commensurable with the revolutions of the great circle of the 
Earth, as will be said a little farther on. 

Now Venus and Mercury seem to digress somewhat differently but under a 
fixed law which has been observed to hold at the mean, highest, and lowest ap- 
sides. For at the mean longitudes, namely when the line of the mean movement 
of the sun is at a quadrant’s distance from their highest or lowest apsis, and the 
planets as evening or morning stars are themselves at a distance of a quadrant 
of their orbital circle from the same line of mean movement of the sun; [183°] 
the ancients found that the planets had not digressed from the ecliptic, and 
hence the ancients understood them to be at that time the common section of 
their separate orbital circles and the ecliptic. This section passes through their 
apogees and perigees; and accordingly when they are higher or lower than the 
Earth, they then make manifest digressions—the greatest digressions at their 
greatest distances from the Earth, 7.e., at the evening apparition or at the 
morning occultation, when Venus is farthest north, and Mercury farthest south. 
And conversely at a position nearer to the Earth, when they undergo occultation 
in the evening or emerge in the morning, Venus is to the south, and Mercury to 
the north. Vice versa, when the Earth is at the position opposite to this and at 
the other mean apsis namely, when the anomaly of the eccentric circle is 270°— 
Venus is apparent at its greater southern distance from the Earth, and Mercury 
is to the north, and at a nearer position of the Earth Venus is to the north, and 
Mercury to the south. At the solstice of the Earth at the apogee of these planets, 
Ptolemy found that the latitude of Venus the morning star was northern, and 
of Venus the evening star, southern; and inversely in the case of Mercury: 
southern when the morning star, and northern when the evening star. These re- 
lations are similarly reversed at the opposite position of the perigee, so that 
Venus Lucifer is seen in the south, and Venus Vesperugo in the north; but Mer- 
cury as morning star in the north, and Mercury as evening star in the south. 
And the ancients found that at both these positions the northern digression of 
Venus was always greater than the southern, and that the southern digression of 
Mercury was greater than the northern. 

Taking this as an occasion, the ancients reasoned out a twofold latitude for 
this position, and a threefold latitude universally. They called the first latitude, 
which occurs at the mean longitudes, the inclination; the second, which occurs 
at the highest and lowest apsides, the obliquation; and the third one, which 
occurs in conjunction with the second, the deviation: it is always northern in 


REVOLUTIONS OF HEAVENLY SPHERES, VI 815 


the case of Venus and southern in the case of Mercury. Between these four limits 
the latitudes are mixed with one another, and alternately increase and decrease 
and yield mutually; and we shall give the right causes for all that. 


2. HYPOTHESES OF THE CIRCLES ON WHICH THE PLANETS 
ARE MOovED IN LATITUDE 


Accordingly in the case of these five planets we must assume that their orbital 
circles are inclined to the plane of the ecliptic—the common section being 
through the diameter of the ecliptic—by a variable but regular inclination, 
[183] since in Saturn, Jupiter, and Mars the angle of section receives a certain 
libration around that section as around an axis, like the libration which we de- 
monstrated in the case of the precession of the equinoxes, but simple and com- 
mensurable with the movement of parallax. The angle of section is increased and 
decreased by this libration within a fixed period, so that, whenever the Earth is 
nearest to the planet, 7z.e., to the planet in opposition to the sun, the greatest 
inclination of the orbital circle of the planet occurs; at the contrary position the 
least inclination; at the mean position, the mean inclination: consequently, 
when the planet is at its farthest limit of northern or southern latitude, its lati- 
tude appears much greater at the nearness of the Earth than at its greatest dis- 
tance from the Earth. And although this irregularity can be caused only by the 
unequal distances of the Earth, in accordance with which things nearer seem 
greater than things farther away; nevertheless there is a rather great difference 
between the excess and the deficiency of these planetary latitudes: and that 
cannot take place unless the orbital circles too have a movement of libration 
with respect to their obliquity. But, as we said before, in the case of things which 
are undergoing a libration, we must take a certain mean between the extremes. 

In order that this may be clearer, let ABCD be the Earth’s great orbital circle 
in the plane of the ecliptic with centre L; and let FGKL the orbital circle of the 
planet be inclined to ABCD in a mean and per- 
manent declination whereof F is the northern 
limit in latitude, K the southern, G the de- 
scending node of section, and BED the com- 
mon section, which is extended in the straight 
lines GB and DL. And those four termini do 
not change, except along with the movement 
of the apsides. Let it be understood however 
that the movement of the planet in longitude 
takes place not on the plane of circle FG but 
on OP, another circle which is inclined to and 
homocentric with FG. These two circles cut 
one another in that same [184°] straight line 
GBDL. Therefore, while the planet is being 
borne on orbital circle OP, it meanwhile falls upon plane FK by the movement 
of libration, goes beyond plane FK in either direction, and on that account 
makes the latitude appear variable. 

For first let the planet be at point O at its greatest northern latitude and at 
its position nearest to the Earth in A; then the latitude of the planet will in- 
crease in proportion to OGF the angle of greatest inclination of orbital circle 
OGP. This movement [of libration] is a movement of approach and withdrawal, 
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because by hypothesis it is commensurable with the movement of parallax: if 
then the Earth is at B, point O will coincide with F, and the latitude of the 
planet will appear less in the same position than before; and it will be much less 
if the Earth is at point C. For O will cross over to the farthest and most diverse 
part of its libration, and will leave only as much latitude as is in excess over the 
subtractive libration of the northern latitude, namely over the angle equal to 
OGF. Hence the latitude of the planet around F in the north will increase 
throughout the remaining semicircle CDA, until the Earth returns to the first 
point A, from which it set out. There will be the same way of progress for the 
meridian planet set up around point K—the movement of the Earth starting 
from C.. But if the planet, in opposition to the sun or hidden by it, is at one of 
the nodes G or L, even though at that time the orbital circles FK and OP have 
their greatest inclination to one another, on that account no planetary latitude 
is perceptible, namely because the planet is at the common section of the orbital 
circles. From that, I judge, it is easily understood how the northern latitude of 
the planet decreases from F to G; and the southern latitude increases from G to 
K, but vanishes totally at Z and becomes northern. And this is the way with 
those three higher planets. 

Venus and Mercury differ from them no little in their latitudes, as in longi- 
tude, because they have the common sections of the orbital circles located 
through the apogee and perigee. Now their greatest inclinations at the mean 
apsides become changeable by a movement of libration, as in the case of the 
higher planets; but they undergo furthermore a libration dissimilar to the first. 
Nevertheless both librations are commensurable with the revolutions of the 
Earth, but not in the same way. For the first libration has the following prop- 
erty ; when there has been one revolution of the Earth with respect to the apsides 
of the planets, there have been two revolutions of the movement of libration 
having as an immobile axis the section through the apogee and the perigee, 
which we spoke of; so that whenever the line of mean movement of the sun is 
at the perigee or apogee of the planets, the greatest angle of section occurs; while 
the least angle occurs at the mean longitudes. [184°] But the second libration 
supervening upon this one differs from it in that, by possessing a movable axis, 
it has the following effect: namely, that when the Earth is located at a mean 
longitude, the planet of Venus or Mercury is always on the axis, 7.e., at the com- 
mon section of this libration, but shows its greatest deviation when the Earth 
is in line with its apogee or perigee—Venus always being to the north, as was 
said, and Mercury to the south; although on account of the former simple incli- 
nation they should at this time be lacking latitude. 

For example, when the mean movement of the sun is at the apogee of Venus 
and Venus is in the same position, it is manifest that, in accordance with the 
simple inclination and the first libration, Venus, being at the common section of 
its orbital circle with the plane of the ecliptic, would at that time have had no 
latitude; but the second libration, which has its section or axis along the trans- 
verse diameter of the eccentric orbital circle and cuts at right angles the diam- 
eter passing through the highest and lowest apsis, adds its greatest deviation to 
the planet. But if at this time Venus is in one of the other quadrants and around 
the mean apsides of its orbital circle, then the axis of this libration will coincide 
with the line of mean movement of the sun, and Venus itself will add to the 
northern obliquity the greatest deviation, which it subtracts from the southern 
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obliquity and leaves smaller. In this way the libration of deviation is made com- 
mensurate with the movement of the Earth. 

In order that these things may be grasped more easily, let ABCD be drawn 
again as the great orbital circle. Let 
FGK be the orbital circle of Venus 
or Mercury: it 1s eccentric to circle 
ABC and inclined to it in accordance 
with the equal inclination FGK. Let 
FG be the common section of these 
two circles through F the apogee of 
the orbital circle and G the perigee. 
First for the sake of an easier demon- 
stration let us put down GAF the in- 
clination of the eccentric orbital cir- 
cle as simple and fixed, or, if you 
prefer, as midway between the 
greatest and the least inclination, 
except that the common section FG 
[185*] changes according to the 
movement of the perigee and apogee. 
When the Earth is on this common 
section, 2.e., at A or C, and the 
planet is on the same line, it is manifest that at that time the planet would have 
no latitude, since all latitude is sideways in the semicircles GK F and FLG, where- 
on the planet effects its northern or southern approaches, as has been said, in 
proportion to the inclination of circle FKG to the plane of the ecliptic. Now 
some cail this digression of the planet the obliquation; others, the reflexion. But 
when the Earth is at B or D, 7.e., at the mean apsides of the planet, there will 
be the same latitudes FAG and GFL above and below; and they call them the 
declinations. And so these latitudes differ nominally rather than really from the 
former latitudes, and even the names are interchanged at the middle positions. 
But since the angle of inclination of these circles is found to be greater in the 
obliquation than in the declination, the ancients understood this as taking 
place through a certain libration, curving itself around section FG as an axis, as 
was said above. Accordingly since the angle of section is known in both cases, it 
will be easy to understand from the difference between them how great the 
libration from least to greatest inclination is. 

Now let there be understood another circle, the circle of deviation, which is 
inclined to circle GA FL and homocentric in the case of Venus but eccentric to 
the eccentric circle in the case of Mercury, as will be said later: And let RS be 
their common section as axis of libration, an axis movable in a circle, in such 
fashion that when the Earth is at A or B, the planet is at the farthest limit of 
deviation, wherever that is, as at point 7; and as far as the Earth has advanced 
from A, so far away from T let the planet be understood to have moved, while 
the inclination of the circle of deviation decreases, so that when the Earth has 
measured the quadrant AB, the planet should be understood as having arrived 
at the node of this latitude, 7.e., at R. But as at this time the planes coincide at 
the mean movement of libration and are tending in different directions, the re- 
maining semicircle of the deviation, which before was southerly, becomes 
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northern; and as Venus passes into this semicircle, Venus avoids the south and 
seeks the north again, never to seek the south by this libration, just as Mercury, 
by crossing in the opposite direction, stays in the south; and Mercury also dif- 
fers from Venus in that its libration takes place not in a circle homocentric with 
an eccentric circle but in a circle eccentric to an eccentric circle. 

We employed an epicycle instead of this eccentric circle in demonstrating the 
irregularity in the movement in longitude. But since there we were considering 
longitude without latitude, and here latitude [185°] without longitude, and as 
one and the same revolution comprehends and brings them to pass equally; it is 
clear enough that it is one and the same movement and one and the same libra- 
tion which can cause both irregularities and be eccentric and have an inclination 
at the same time; and that there is no other hypothesis besides this which we 
have just spoken of and will say more about below. 


3. How GREAT THE INCLINATIONS OF THE ORBITAL CIRCLES 
OF SATURN, JUPITER, AND Mars ARE 


After setting out our hypothesis for the digressions of the five planets, we 
must descend to the things themselves and discern singulars; and first how great 
the inclinations of the single circles are. We measure these inclinations against 
the great circle which passes through the poles of the circle having the inclina- 
tion and is at right angles to the ecliptic; the transits in latitude are observed 
in relation to this great circle. For when we have apprehended these [inclina- 
tions], the way of learning the latitudes of each planet will be disclosed. Be- 
ginning once more with the three higher planets, we find that according to 
Ptolemy the digression of Saturn in opposition to the sun at the farthest limits 
of southern latitude was 3°5’, the digression of Jupiter 2°7’, that of Mars 7°; but 
in opposite positions, namely when they were in conjunction with the sun, the 
digression of Saturn was 2°2’, that of Jupiter 1°5’, and that of Mars only 5’, so 
that it almost touched the ecliptic—according as it is possible to mark the lati- 
tudes from the observations which he took in the neighbourhood of their oc- 
cultations and apparitions. 

Let that be kept before us; and in the plane which is at right angles to the 
ecliptic and through its centre, let 4B be the common section [of the plane] 
with the ecliptic, and CD the common section [of the plane] with any of the three 
eccentric circles through the greatest northern and southern limits. Moreover, 


let E be the centre of the ecliptic, and FZG the diameter of the great orbital cir- 
cle of the Earth. Now let D be the southern latitude and C the northern; and let 
CF, CG, DF, and DG be joined. 

But the ratios of EG the great orbital circle of the Earth to ED the eccentric 
circle of the planet at any of their given positions have already been demon- 
strated above in the cases of the single [planets]. But the positions of greatest 


REVOLUTIONS OF HEAVENLY SPHERES, VI 819 


latitudes have been given by the observations. Therefore, since angle BGD, the 
angle of greatest southern latitude and an exterior angle of triangle EGD, has 
been given, the interior and opposite angle GED, the angle of greatest southern 
inclination of the eccentric circle to the plane of the ecliptic, will also be given 
by what has been shown concerning plane triangles. 

Similarly we shall demonstrate the least inclination by means of the least 
southern latitude, namely by means of angle [1867] HFD. Since in triangle HF D 
the ratio of side HF to side ED is given together with angle EF'D, we shall have 
GED given, the exterior angle and angle of least southern inclination: hence 
from the difference between both declinations we shall have the total libration 
of the eccentric circle in relation to the ecliptic. Moreover against these angles 
of inclination we shall measure the opposite northern latitudes,.that is to say, 
angles AFC and EGC; and if they agree with the observations, it will be a sign 
that we have not erred at all. 

Now as our example we shall take Mars, which has a greater digression in 
latitude than any of the others. Ptolemy marked the greatest southern latitude 
as being approximately 7° in the case of the perigee of Mars, and the greatest 
northern latitude as 4°20’ at the apogee. But as we have assumed that 

angle BGD =6°50’, 
we shall find that correspondingly 
angle AFC = 4°30’. 
For since 
EG rE D=1?P : 1°22’26” 
and since 
angle BCD =6°50’; 
angle DEG=1°51’, 
which is the angle of greatest southern inclination. 
And since 
EF ;: CH=1? : 1°39’57”, 
and 
angle CEF =angle DEG=1°51’; 
it follows that, as angle CFA is the exterior angle which we spoke of, 
angle CFA =414°, 
when the planet is in opposition to the sun. 
Similarly, in the opposite position where it is in conjunction with the sun, if 
we assume that 
angle DFE =5’, 
then, since sides DE and EF and angle EFD are given, 
angle EDF =4’, 
and, as exterior angle, 
angle DEG=9’, 
which is the angle of least inclination. And that will show us that 
angle CGE =6’, 
which is the angle of northern latitude. Therefore, by the subtraction of the least 
inclination from the greatest, 
512 9’ = i 1°42’, 
which i is the libration of this inclination, and 
14(1°42') = : 5014’. 
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In the case of the other two, Jupiter and Saturn, there is a similar method for 
discovering the angles of the inclinations together with the latitudes; for the 
greatest inclination of Jupiter is 1°42’, and the least 1°18’; [186°] so that its total 
libration does not comprehend more than 24’. Now the greatest inclination of 
Saturn is 2°44’, and the least 2°16’; and the libration between them is 19’. Hence 
by means of the least angles of inclination, which occur at the opposite position, 
when the planets are hidden beneath the sun, their digressions in latitude away 
from the ecliptic will be exhibited: that of Saturn as 2°3’ and that of Jupiter as 
1°6’—as were to be shown and reserved for the tables to be drawn up below! 


4. ON THE EXPOSITION OF THE OTHER LATITUDES IN 
* PARTICULAR AND IN GENERAL 


Now that these things have been shown, the latitudes of these three planets 
will be made clear in general and in particular. For as before, let AB the line 
through the farthest limits of digression be the common section of the plane 
perpendicular to the ecliptic. And let the northern limit be at A; and let CD, 


A 


which cuts AB in point D, be the perpendicular common section of the orbital 
circle of the planet. And with D as centre let EF the great orbital circle of the 
Earth be described. From the opposition, which is at #, let any known arc, such 
as EF, be measured, and from F and from C, the position of the planet, let the 
perpendiculars C'A and FG be drawn to AB; and let FA and FC be joined. 

Weare first looking to see how great ADC the angle of inclination of the eccen- 
tric circle is, with this set-up. Now it has been shown that the inclination was 
greatest when the Earth was at point E. Moreover it has been made clear that 
the total libration is commensurate with the revolution of the Earth on circle EF 
in relation to the diameter BE, as the nature of libration demands. Therefore 
on account of arc EF being given, the ratio of ED to EG will be given; and that 
is the ratio of the total libration to which angle ADC has just now decreased. 
For that reason angle ADC is given in this case. Accordingly triangle ADC has 
all its angles given together with its sides. But since by the foregoing, CD has 
a given ratio to ED, the ratio of CD to the remainder DG is given. Accordingly 
the ratios of CD and AD to GD are given. And hence the remainder AG is given. 
Hence too FG is given; for 

FG=6 ch. 2 EF. 

Therefore as two sides of the right triangle AGF have been given, side AF is 
given, and the ratio of AF to AC. Finally as two sides of right triangle ACF 
[187*] have been given, angle AFC will be given; and that is the angle of appar- 
ent latitude, which we were looking for. 


Ip. 835. 
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Once more we shall take Mars as our example of this. Let its limit of greatest 
southern latitude be around A, which is approximately at its lowest apsis. Now 
let the position of the planet be at C, where—as has been demonstrated—the 
angle of inclination was greatest, z.e., 1°50’, when the Earth was at point LZ. Now 
let us put the Earth at point F and the movement of parallax at 45° in accord- 
ance with are EF: therefore 

line FG =7,071, 
Ww here ED= 10, 000, 
and 
GE = 10,000 —7,071 =2,929, 

which is the remainder of the radius. Now it has been shown that 

14 libration of angle ADC =5014’; 
and half of the libration has the following ratio of increase and decrease i in this 
case, 

DE :GE=50W’ : 15’. 
Now at present 
angle ADC = 1°50’ —15’ = 1°38’, 

which is the angle of inclination. On that account triangle ADC will have its 
sides and angles given; and since it has been shown above that 


CD=9,040, 
where ED =6,580; 
FG =4,653, 
AD =9,036, 
and by subtraction 
AEG =4,383, 
and 
AC =24914. 


Accordingly, in right triangle AFG, since 
perpendicular AG =4,383 

and 

base FG=4,653 

side AF =6,392. 
Thus finally in triangle ACF, whereof 

angle CAF =90° 
and sides AC and AF are given, 
angle ACF =2°15’, 

which is the angle of apparent latitude in relation to the Earth placed at F. We 
shall apply similar reasoning in the case of Saturn and Jupiter. 


5. On THE LATITUDES OF VENUS AND MERCURY 


Venus and Mercury remain, and their transits in latitude will be demon- 
strated, as I said, by means of three simultaneous and complicated latitudinal 
divagations. [187°] In order that they may be discerned separately, we shall be- 
gin with the one which the ancients call declination, as if from a simpler handling 
of it. And it happens to the declination alone to be sometimes separate from the 
others; and that occurs around the mean longitudes and around the nodes in 
accordance with the exact movements in longitude when the Earth has moved 
through a quadrant of a circle from the apogee or perigee of the planet. For 
when the Earth is very near, a northern or southern latitude of 6°22’ is found 
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in the case of Venus, and 4°5’ in the case of Mercury; but at the greatest distance 
from the Earth, 1°2’ in the case of Venus; and in the case of Mercury, 1°45’. 
Thereby the angles of inclination at this position are made manifest by means 
of the tables of additosubtractions which have been drawn up; and for Venus 
in that position at its greatest distance from the Earth the latitude is 1°2’, and 
at its least distance 6°22’, and on either side [of the mean latitude] the are of 
the circle [through the poles of the orbital circle and perpendicular to the plane 
of the ecliptic] is approximately 214°; but in the case of Mercury the 1°45’ at 
its greatest distance and the 4°5’ at its least demand 614° as the [total] are of 
its circle: consequently the angle of inclination of the circles of Venus is 2°30’, 
and that of Mercury is 614°, whereof four right angles are equal to 360°. By 
means of these [angles] the particular latitudes of declination can be unfolded, 
as we shall demonstrate, and first in the case of Venus. 

For in the plane of the ecliptic and through the centre of the perpendicular 
plane, let ABC be the common section [of the two planes] and DBE the common 
section [of the perpendicular plane] with the plane of the orbital circle of Venus. 


And let A be the centre of the Earth, B the centre of the orbital circle of the 
planet, and ABE the angle of inclination of the orbital circle to the ecliptic. 
Let circle DF EG be described around B, and let diameter FBG be drawn per- 
pendicular to diameter DE. Now let it be understood that the plane of the circle 
is so related to the assumed perpendicular plane that lines in the plane of the 
circle which are drawn at right angles to DE are parallel to one another and to 
the plane of the ecliptic; and in the plane of the circle line FBG alone has been 
drawn. 

Now our problem is to find out, by means of the given straight lines AB and 
BC together with angle ABE the given angle of inclinations, how far distant in 
latitude the planet is, when, for example, [188*] it is 45° distant from F the point 
nearest to the Earth; and, following Ptolemy, we have chosen this position so 
that. it may become apparent whether the inclination of the orbital circle adds 
any difference in longitude to Venus or Mercury. For such differences should be 
most visible around the positions midway between the limits D, F, E, and G, 
because the planet when situated at these four limits has the same longitude as 
it would have without declination, as is manifest of itself. 

Therefore, as was said, let us assume that 

are HH =45°; 
and let H&K be drawn perpendicular to BE, and AL and HM perpendicular to 
the plane of the ecliptic; and let HB, LM, AM, and AH be joined. We shall 
have the right parallelogram LA HM, as H K is parallel to the plane of the eclip- 
tic. For angle LAM comprehends the additosubtraction in longitude; and angle 
HAM comprehends the transit in latitude, since HA also falls perpendicular 
upon the same plane of the ecliptic. Accordingly, since 
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angle HBE=45°; 
HK = ch. 2 HE=7,071, 
where EB = 10,000. 
Similarly in triangle ABL 
angle BKL=2146° 


and 
angle BLK =90°, 
and 
side BK =7,071, 
where BE = 10,000; 
hence 
side KL=308 
and 


side BL=7,064. 
But since, by what was shown above, 
AB : BE=10,000 : 7,193; 


then 
HK =5,086, 
and 
HM = KL=221, 
and 
BL=5,081; 
hence, by subtraction, 
LA =4,919. 
Moreover, as in triangle ALM side AL is given, and 
LM =HK, 
and 
angle ALM =90°; 
then 
side AM =7,075 
and 


angle Jf AL=45°57’, 
which is the additosubtraction or great parallax of Venus according to calcula- 
tion. Similarly, as in triangle 17 AH 
side AM =7,075 
and 
side MH=KL; 
angle MAH =1°47’, 
which is the angular declination in latitude. 

And if it is not boring to examine what difference in the longitude of Venus is 
caused by this inalieons let us take triangle ALH, as we understand side LH 
to be the diagonal of chralldlogredi LKHM. For 

LH =5,091, 
where AL =4,919 
and 
angle ALH =90°: 
hence 
side AH =7,079. 
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Accordingly, as the ratio of the sides is given, 
angle HAL=45°59’. 
But it has been shown that 
angle IZA L= 45°57’; 
therefore there is a difference of only 2’, as was to be shown. 

Again, in the case of Mercury, [188°] with a similar scheme of declination we 
shall demonstrate the latitudes with the help of a diagram similar to the fore- 
going: wherein 

are EH =45°, 
so that again 
HK=KB=7,071, 
where side AB =10,000. 
Accordingly, as can be gathered from the differences in longitude which have 
already been demonstrated, in this case 
BK =KH =2,975, | 
where radius BH =3,953 
and AB=9,964. 
And since it has been shown that 
angle of inclination ABE =6°15’, 
where 4 rt. angles = 360°; 
accordingly, as the angles of right triangle BKL are given, 
base KL =304 
and 
perpendicular BL =2,778. 
And so by subtraction 
AL=7,186. 
But also 
LM =HK =2,795; 
accordingly, as in triangle ALM 
angle L =90° 
and sides AL and LM have been given; 
side AM =7,710 
and 
| angle LAM =21°16’, 
which is the additosubtraction calculated. 

Similarly, since in triangle AMH side AM has been given, 
side MH=KL 
and . 
angle M =90°, 
which is comprehended by sides AM and MH; 

angle MAH =2°16’, 
which is the latitude sought for. But if we wish to inquire how much is due to 
the true and the apparent additosubtraction, let us take LH the diagonal of the 
parallelogram: we deduce from the sides [of the parallelogram] that 
LH =2;891. 
And 
AL=% 186: 
Hence 
angle LAH = 21°23’, 
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which is the additosubtraction of apparent movement and has an excess of ap- 
proximately 7’ over the previously reckoned difference, [angle LAM], as was 
to be shown. 


6. ON THE SECOND TRANSIT IN LATITUDE OF VENUS AND MERCURY 
ACCORDING TO THE OBLIQUATION OF THEIR ORBITAL 
CIRCLES IN THE APOGEE AND THE PERIGEE 


That is enough on the transit in latitude of these planets, which occurs around 
the mean longitudes of their orbital circles: we have said that these latitudes are 
called the declinations. Now we must speak of those latitudes which occur at 
the perigee and apogee and to which the third digression, the deviation, is con- 
joined—not as the latitudes occur in the three higher planets, but as follows, in 
order that the third digression may be more easily separated and discerned by 
reason. For Ptolemy observed that these latitudes appeared greatest at the time 
when the planets were on the straight lines from the centre of the Earth which 
touch the orbital circles; and that occurs, [1892] as we said, at their greatest 
morning and evening distances from the sun. He found that the northern lati- 
tudes of Venus were 14° greater than the southern, but that the southern 
latitudes of Mercury were approximately 14° greater than the northern. But, 
wishing to reduce the difficulty and labour of calculations, he took in accordance 
with a certain mean ratio 214° in different directions of latitude; the latitude 
themselves subtend these degrees in the circle perpendicular to the ecliptic and 
around the Earth, against which circle the latitudes are measured—especially 
as he did not think the error would on that account be very great, as we shall 
soon show. But if we take only 214° as the equal digression on each side of the 
ecliptic and exclude the deviation for the time being, until we have determined 
the latitudes of the obliquations, our demonstrations will be simpler and easier. 
Accordingly we must first show that this latitudinal digression is greatest around 
the point of tangency of the eccentric circle, where the additosubtractions in 
longitude are also greatest. 

For let there be drawn the common section of the plane of the ecliptic and the 
plane of the eccentric circle of Venus or Mercury—the common section through 


the apogee and the perigee; and on it let A be taken as the position of the Earth 
and B as the centre of eccentric circle CDEFG which is inclined to the ecliptic, 
so that straight lines drawn anywhere at right angles to CG comprehend angles 
equal to the obliquation; and let AZ be drawn tangent to the circle, and AD as 
cutting it somewhere. Moreover, from points D, E, and F let DH, EK, and FL 
be drawn perpendicular to line CG, and DM, EN, and FO perpendicular to the 
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underlying plane of the ecliptic; and let 14H, NK, and OL be joined, and also 
AN and AOM; for AOM is a straight line, since its three points are each in two 
planes—namely, in the plane of the ecliptic and in the plane ADM perpendi- 
cular to the plane of the ecliptic. 

Accordingly since in the present obliquation the angles HAM and KAN com- 
prehend the additosubtractions of these planets; and the angles DAM and EAN 
are the digressions in latitude: [189°] I say, first, that angle HAN, the angle situ- 
ated at the point of tangency, where the additosubtraction in longitude is also 
approximately greatest, is the greatest of all the angles of latitude. 

For since angle EAK is greater than any of the others, 

KE:EA>HD:DA 
and 
KE: EA>LF:FA. 
But 
EK: EN=HD:DM=LF: FO. 
For, as we said, 
angle HKN =angle HDM =angle LFO; 


and 
angle M =angle N =angle O=90°. 

Therefore 

NE:EHA>MD:DA 
and 

NE:EA>DF:FA; 
and again 

angle DMA =angle ENA =angle OFA =90°. 

Accordingly 


angle HAN >angle DAM, 

and angle HAN is greater than each of the other angles constructed in this way. 
Whence it is manifest that among the differences occurring between the addito- 
subtractions and arising from the obliquation in longitude, the difference which 
is determined at point # in the greatest transit is the greatest. For 

HD: HM=KE:KN=LF : FO, 
on account of their subtending equal angles [in similar triangles]. And since 
these lines are in the same ratio as the differences between them, 

EK—KN :EA>HD—HM : AD 
and 

EK—KN :EA>LF—FO: AF. 
Hence it is also clear that the additosubtractions in longitude of the segments 
of the eccentric circle will have the same ratio to the transits in latitude as the 
greatest additosubtraction in longitude has to the greatest transit in latitude, 
since 

KE: EN=LF :FO=HD: DM, 
—as was set before us to be demonstrated. 


7. How GREAT THE ANGLES OF OBLIQUATION OF VENUS 
AND Mercury ARE 


Having first noted all that, let us see how great an angle is comprehended by 
the obliquation of the planes of either planet; and let us repeat what was said 
before: each planet has 5° between its greatest and least distance [in latitude], 


REVOLUTIONS OF HEAVENLY SPHERES, VI 827 


so that for the most part they become more northern or southern at contrary 
times and in accordance with their position on the orbital circle, for when the 
transit or manifest difference of Venus makes a digression greater or less than 5° 
through the apogee or perigee of the eccentric circle, the transit of Mercury 
however is more or less at 14°. 

[190°] Accordingly as before, let ABC be the common section of the ecliptic 
and the eccentric 
circle; and let the 
orbital circle of 
the planet be de- 
scribed around 
centre B oblique 
to the plane 
of the ecliptic 
in the way set 
forth. Now from 
the centre of 
the Earth let 
straight line AD 
be drawn touching the orbital circle at point D; and from D let DF be drawn 
perpendicular to CBE and DG perpendicular to the underlying plane of the 
ecliptic; and let BD, FG, and AG be joined. Moreover, let it be assumed that 

angle DAG=214°, 
where 4 rt. angles = 360°, 
which is half the difference in latitude set forth for each planet. 

Our problem is to find how great the angle of obliquation between the planes 
is, 2.e., to find angle DFG. 

Accordingly, since in the case of the planet Venus it has been shown that 

the greater distance, at the apogee = 10,208, 
where radius =7,1938, 


and 
the lesser, at the perigee = 9,792, 
and 
the mean distance = 10,000, 
which Ptolemy decided to assume in this demonstration, as he wished to avoid 
labour and difficulty and to make an epitome; for where the extremes do not 
cause any great difference, it is better to use the mean. Accordingly, 
AB : BD=10,000 : 7,193, 
and 
angle ADB =90°. 
Therefore 
side AD =6,947. 
Again, since 
angle DAG =214° 
and 
angle AGD =90°; 
accordingly, the angles of triangle AGD are given, and 
side DG =303, 
where AD=6,947. 
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Thus also, two sides DF and DG have been given, and 
angle DGF =90°; 

hence 

angle DFG =3°29’, 
which is the angle of inclination or obliquation. But since the excess of angle 
DAF over angle FAG comprehends the difference made by the parallax in lon- 
gitude, hence that difference is to be determined by the measurement of those 
magnitudes. For it has been shown that 


AD =6,947 
and 
DF =4,997, 
where DG =303. 
Now 
sq. AD—sq. DG=sq. AG, 
and 
sq. FD—sq. DG=sq. GF; 
therefore 
AG=6,940 
and 
FG =4,988. 
But 
FG=7,187, 
where AG = 10,000, 
and 
angle FAG =45°57'; 
and 
DF =7,198, 
where AD =10,000, 
and 


angle DAF =46°. 
Therefore at the greatest obliquation the additosubtraction of the parallax is 
deficient by approximately 3’. [190°] Now it was made clear that at the mean 
apsis the angle of inclination of the orbital circles was 214°; but here it has in- 
creased by approximately 1°, which the first movement of libration—of which 
we have spoken—has added to it. 

There is a similar demonstration in the case of Mercury. For the greatest 
distance of the orbital circle from the Earth is 10,948, where the radius of the 
orbital circle is 3,573; the least is 9,052; and the mean between these is 10,000. 
Moreover 

AB : BD=10,000 : 3,573. 


Therefore 
side AD =9,340; 
and since 
bl) yt —Ale fa, 
therefore 
DF'=8 337) 
And since 


angle DAG=21°, 


REVOLUTIONS OF HEAVENLY SPHERES, VI 829 


which is the angle of latitude; 
DG =407, 
where DF =3,337. 
And so in triangle DFG the ratio of these two sides is given, 
and 
angle G=90°; 
hence 
angle DFG=7°. 
And that is the angle of inclination or obliquation between the orbital circle of 
Mercury and the plane of the ecliptic. But it has been shown that around the 
mean longitudes or quadrants the angle of inclination was 6°15’. Therefore 45’ 
have now been added to it by the movement of libration. 
There is a similar argument in picking out the additosubtr actions and their 
differences, after it has been shown that 
DG = 407, 
where AD =9,340 
and DF=3,337, 


Accordingly, 
sq. AD—sq. DG=sq. AG, 
and 
sq. DF —sq. DG=sq. FG. 
Therefore 
AG=9,331 
and 
FG=3,314; 
hence it is inferred that 


angle GA F =20°48’, 
which is the additosubtraction, and 
angle DAF = 20°56’, 
which is approximately 8’ greater than the angle proportionate to the obliqua- 
tion. It still remains for us to see if such angles of obliquation and the latitudes 
in accordance with the greatest and least distance of the orbital circle are found 
to be in conformity with those gathered from observation. 
Wherefore once more with the same diagram; and first at the greatest distance 
of the orbital circle of Venus, let 
AB : BD=10,208 : 7,193. 
And since 
angle ADB=90°; 
DE s5 102, 
[1912] But it has been found that 
angle DFG =3°29' » 
which is the angle of obliquation; hence 
side DG =309, 
where AD =7,238. 
Accordingly, 
DG = 427, 
where AD =10,000; 
whence it is concluded that at the greatest distance from the Earth 
angle DAG =2°27’. 
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But at the least distance 


AB=9,792, 
where radius of orbital circle=7,193. 
And 
AD =6,644, 


which is perpendicular to the radius; and similarly, since 
BD: DF=AB: AD, 


DF =4,883. 
But 
angle DFG =3°28’; 
therefore 
DG=297, 


where AD =6,644. 
And as the sides of the triangle have been given, 
angle DAG=2°34’. 
But neither 3’ nor 4’ is large enough to be measured by means of an astrolabe; 
therefore that which was considered to be the greatest latitude of obliquation 
of the planet Venus is correct. 
Again, let the greatest distance of the orbital circle of Mercury be taken, 
1.e., let : 
AB : AD=10,948 : 3,573; 
consequently, by demonstrations similar to the foregoing, we still infer that 
AD=9,452 
and 
= 3,080. 
But here too we have it recorded that 
angle DFG =7°, 
which is the angle of obliquation; hence 


DG =376, 
where DF =3,085 
and DA =9,452. 


Accordingly, as the sides of right triangle DAG are given, 
angle DAG= 2°17’, 
which is the greatest digression in latitude. But at the least distance 
AB’: BD=9,052 : 3,573; 
therefore 
AD=8,317 
and 
DF =3,283. 
Now since by reason of this same [obliquation] 
DF : DG=3,283 : 400, 
1 e where AD =8,317; 


angle DAG =2°45’. 
Accordingly there is a difference of at least 13’ between the 214° of the digres- 
sion in latitude according to the mean ratio and the digression at the apogee; 
and at the most a difference of 15’ between the mean digression and that at the 
perigee. And in making our calculations according to the mean ratio we shall 
use 14° as the difference; for it is not sensibly diverse from the observed differ- 
ences. 


whence 
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Having demonstrated these things and also that the greatest additosub- 
tractions in longitude have the same ratio to the greatest transit in latitude as 
the additosubtractions in the remaining sections of the orbital circle have to the 
particular transits in latitude, we shall have at hand the numbers of all the 
latitudes, which occur on account of the obliquation of the orbital circle of 
Venus and Mercury. But we have calculated only those latitudes which occur 
midway between the apogee and the perigee, as we said; and it was shown that 
the greatest of these latitudes is 214°, and the greatest [191°] additosubtraction 
in the case of Venus is 46° and that in the case of Mercury about 22°. And in 
the tables of irregular movements we have already placed the additosubtrac- 
tions opposite the particular sections of the orbital circles. Accordingly in the 
case of each of the two planets we shall take from the 214° a part proportionate 
to the excess of the greatest additosubtraction over each of the lesser additosub- 
tractions; we shall inscribe it in the table to be drawn up below with all its num- 
bers; and in this way we shall have unfolded all the particular latitudes of the 
obliquations which occur when the Earth is at their highest apsis and at their 
lowest—just as we set forth the latitudes of the declinations in the case of the 
mean quadrants and mean longitudes. The latitudes which occur between these 
four limits can be unfolded by the subtle art of mathematics with the help of 
the proposed hypothesis of circles but not without labour. Now Ptolemy—who 
is compendious wherever he can be so—seeing that each of these aspects of lati- 
tude as a whole and in all its parts increased and decreased proportionally, like 
the latitude of the moon, accordingly took twelve parts of it, since their greatest 
latitude is 5° and that number is a twelfth part of 60, and made proportional 
minutes out of them, to be used not only in the case of these two planets but 
also in that of the three higher planets, as will be made clear below. 


8. ON THE THIRD ASPECT OF THE LATITUDE OF VENUS 
AND Mercury, WuicH THEY CALL THE DEVIATION 


Now that these things have been set forth, it still remains to say something 
about the third movement in latitude, which is the deviation. The ancients, who 
held the Earth down at the centre of the world, believed that the deviation took 
place by reason of the inclination of an eccentric circle which has an epicycle 
and which revolves around the centre of the Earth—the deviation occurring 
most greatly when the epicycle is at the apogee or perigee and being always 14° 
to the north in the case of Venus and 34° to the south in the case of Mercury, as 
we said before. It is not however sufficiently clear whether they meant the in- 
clination of the orbital circles to be equal and always the same: for their num- 
bers indicate that, when they order a sixth part of the proportional minutes to 
be taken as the deviation of Venus, and three parts out of four as that of Mer- 
cury. That does not hold, unless the angle of inclination always remains [192°] 
the same, as is demanded by the ratio of the minutes, which they take as their 
base. But if the angle remains the same, it is impossible to understand how the 
latitude of the planets suddenly springs back from the common section into the 
same latitude which it had just left, unless you say that takes place in the 
manner of refraction of light, as in optics. But here we are dealing with move- 
ment, which is not instantaneous but is by its own nature measured by time. 
Accordingly we must acknowledge that a libration such as we have expounded 
is present in those [circles] and makes the parts of the circle move over in differ- 
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ent directions: And that necessarily follows, as the numbers differ 1%° in the case 
of Mercury. That should seem less surprising, if in accordance with our hypothe- 
sis this latitude is variable and not wholly simple but does not produce any ap- 
parent error, as is to be seen in the case of all differences, as follows: 

For in the plane perpendicular to the ecliptic let [A BC] be the common sec- 
tion [of the two 
planes], and in the 
common section 
let A be the centre 
of the Earth and 
B the centre of 
the circle CDF at 
greatest or least 
distance from the 
Earth and as it were through the poles of the inclined orbital circle. And when 
the centre of the orbital circle is at the apogee or the perigee, 7.e., on line AB, the 
planet, wherever it is, is at its greatest deviation, in accordance with the circle 
parallel to the orbital circle; and DF is the diameter parallel to CBE, the diam- 
eter of the orbital circle. And DF and CBE are put down as the common sections 
of the planes perpendicular to*plane CDF. Now let DF be bisected at G, which 
will be the centre of the parallel circle; and let BG, AG, AD, and AF be joined. 
Let us put down that 


angle BAG=10’, 

as in the greatest deviation of Venus. Accordingly, in triangle ABG 

angle B=90°; 
and we have the following ratio for the sides: 

AB : BG=10,000 : 29. 
But 
line ABC = 17,193; 

and by subtraction 


AE =2,807; 
and 
4 ch. 2 CD=4 ch. 2 EF=BG. 
Accordingly 
angle CAD=6' 
and 
angle HAF = 15’. 
Now 
angle BAG—angle CAD=4’, 

while 


angle HAF—angle BAG=5’; 
and those differences can be neglected on account of their smallness. According- 
ly, when the Earth is situated at its apogee or perigee, the apparent deviation of 
Venus will be slightly more or less than 10’, [192°] in whatever part of its orbital 
circle the planet is. 
But in the case of Mercury when 
angle BAG=45’, 
and 
AB : BG=10,000 : 131, 
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and 
ABC = 13,578, 
and by subtraction 
Al =O ; 
then 
angle CAD =33' 
and 


angle HAF =70’. 

Accordingly, angle CAD has a deficiency of 12’, and angle HAF has an excess 
of 25’. But these differences are practically obliterated beneath the rays of the 
sun before Mercury emerges into our sight, wherefore the ancients considered 
only its apparent and as it were simple deviation. But if anyone wishes to ex- 
amine with least labour the precise ratio of their passages when hidden beneath 
the sun, we shall show how that takes place, as follows. We shall take Mercury 
as our example, because it makes a more considerable deviation than Venus. 

For let AB be the straight line in the common section of the orbital circle of 
the planet and the 
ecliptic, while the 
Earth — which is 
at A—is at the 
apogee or the per- 
igee of the planet’s 
orbital circle. Now 
let us put down 
that 


AB =10,000 
indifferently, as if the mean between greatest and least distance, as we did in 
the case of the obliquation. Now around centre C let there be described circle 
DEF, which 1s parallel to the eccentric orbital circle at a distance CB; and the 
planet on this parallel circle be understood as being at this time at its greatest 
deviation. Let DCF be the diameter of this circle, which is also necessarily pa- 
rallel to AB; and DCF and AB are in the same plane perpendicular to the or- 
bital circle of the planet. Therefore, for example, let 

are EF =45°, 
in relation to which we shall examine the deviation of the planet. And let EG 
be drawn perpendicular to CF, and EK and GH perpendicular to the underlying 
plane of the orbital circle. Let the right parallelogram be completed by joining 
HK; and let AE, AK, and EC also be joined. 

Now in the greatest deviation of Mercury 
BC=181, 
where AB = 10,000. 
And 
CE =3,573; 
and the angles of the right triangle EGC are given; hence 
side EG= KH = 2526. 
And since 
BH =EG=CG, 
AH =BA—BH =7,474. 
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Accordingly, since in triangle AHK 
angle H =90° 
and the sides of comprehending angle H are given; 
side AK =7,889. 
But 
side KE=CB=GH = 131. 
Accordingly, since in triangle [193*] AKE the two sides AK and KE compre- 
hending the right angle K have been given, angle KAE is given, which answers 
to the deviation we were seeking for the postulated arc EF and differs very 
little from the angle observed. We shall do similarly in the case of Venus and 
the other planets; and we shall inscribe our findings in the subjoined table. 

Having made this exposition, we shall work out proportional minutes for the 
deviations between these limits. For 
let ABC be the eccentric orbital cir- 
cle of Venus or Mercury; and let A 
and C be the nodes of this move- 
ment in latitude, and B the limit of 
greatest deviation. And with B as 
centre let there be described the 
small circle DFG, with the diameter 
DBF across it, along which diameter 
the libration of the movement of de- 
viation takes place. And since it has 
been laid down that when the Earth 
is at the apogee or the perigee of the 
eccentric orbital circle of the planet, 
the planet itself is at its greatest deviation, namely in point F, where at this time 
the circle carrying the planet touches the small circle. Now let the Earth be 
somewhere removed from the apogee or perigee of the eccentric circle of the 
planet; and in accordance with this movement let a similar are FG be taken on 
the small circle. Let circle AGC be described, which bears the planet and will cut 
the small circle, and the diameter DF at point E; and let the planet be taken as 
being on this circle at point K in accordance with arc EK which is by hypothesis 
similar to arc FG; and let KL be drawn perpendicular to circle ABC. 

Our problem is to find by means of FG, EK, and BE the magnitude of KL, 
i.e., the distance of the planet from circle ABC. For since by means of are FG 
arc EG will be given as a straight line hardly different from a circular or convex 
line, and EF will similarly be given in terms of the parts, whereof BF and the 
remainder BE will be given; for 

BF: BE=ch.2CE:ch.2CK=BE: KL. 
Accordingly if we put down BF and the radius of circle CE in terms of the same 
number, sixty, we shall have from them the number which picks out BE. When 
that number has been multiplied by itself and the product divided by sixty, we 
shall have KL, the minutes proportional to arc EK; and we shall inscribe them 
similarly in the fifth and last column of the table which follows: 
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LATITUDES OF SATURN, JUPITER, AND Mars 


Propor- 
Common SATURN JUPITER MARS tional 
Numbers Northern Southern | Northern Southern | Northern Southern Minutes 
Deg. Deg. | Deg. Min. Deg. Min.| Deg. Min. Deg. Min.) Deg. Min. Deg. Min.| Deg. Min. 
3 7 2 2 48 


35 3 2 1 6), Sa 5 0 6 nO 5 59 

6 354 2 4 2 2 Y Aake | 5 0 70 5 59 36 

9 351 2 4 2 3 1 Tol 5 0 pe OU 6 59 6 
12 348 2 5 2 3 1 Sk 1 6 0 95 0 6 58 36 
15 345 2 a DIZ 3 1 Sa il 6 0 10 O 8 57 = 48 
18 342 2 6.52 3 1 ome; | 6 0 i 10 8 57 0 
21. a0 2 6 2 4 1 oa Al fi 0 12 O 9 56 48 
24 8336 2 i ears 4 d ae: 7 0 13 O 9 54 = =36 
27 = 333 2 Si 02 5 1 10% 1 8 0 14 O 10 53-18 
30 =. 380 2 See 2 5 1 10,% 11 8 0 14 O Li 52 0 
33 9 327 2 9° 2 6 1 lel 9 0 TS #4, 0 i 50 = 12 
36 324 2 10. 2 7 1 hie 2 9 0 16400° “y12 48 24 
39 = 321 2 10. 2 7 1 IZ2* 1 10 0 17 #0 12 46 24 
42 318 2 ys 2 8 i lee} 10 0 18440 13 44 24 
45 315 2 lLj+2 9 | 13,7, 2 bi 0 LO 660 15 42 12 
48 312 2 124 2 10 1 i138 1 11 0 20 860 16 40 0 
51 309 2 13.2 11 1 14 1 12 0 22 410 18 37 36 
54 306 2 14 2 12 1 14" 1 13 0 23 «=O 20 35 12 
57 =. 3038 4 15 2 13 il 1S %,1 14 0 25 «60 22 32 36 
60 300 2 16s 2 15 hk 16% t 15 0 27 \ttO 24 30 0 
63 297 2 17 We 2 16 1 Les 1 ily 0 29 =«—O 25 27 = 12 
66 294 2 18 2 18 it ioe 7 18 0 31 0 27 24 «24 
69 291 2 20-4) 2 1g 1 19%% i 19 0 33 0 29 21 24 
72 288 2 21) 2 21 1 2uy 1 vail 0 35 60 31 18 24 
75-285 2 22 2 22 if 22% 1 22 0 37. («<0 34 15 24 
78 = =282 2 24 2 24 1 24 24 0 40 0O 37 12 _ 24 
er» 279 2 25 2 26 1 25 «1 25 0 42 0 39 9 24 
84 276 2 ya 27 1 27 6) 1 27 0 45 0 42 6 24 
87 2738 2 28 2 28 1 280 1 28 0 48 0 45 3, a2 
90 270 2 30 2 30 1 30 061 30 0 a. 6 49 0 0 
93 267 2 31,33 2 31 il 3lihit 31 0 55 =O 52 3 12 
96 264 2 332 33 1 331 33 0 59 O 56 6 24 
99 261 2 34 2 34 1 34 #1 34 1 ze *r 0 9 9 
102 258 2 36 «2 36 1 361 36 1 Gul 1 4 12 mia2 
105 = 255 2 3f 182 37 J 37s 1 37 1 11 641 8 15 wis 
108 252 2 39s 2 39 1 soar 39 1 16-1 12 18 18 
111 249 2 40 2 40 1 40 1 40 1 19 ox 1 17 21 gi2l 
114 246 2 42 2 42 1 42 1 42 1 20 th I 22 24 24 
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LATITUDES OF VENUS AND MERCURY 
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9. ON THE CALCULATION OF THE LATITUDES OF THE FIVE 
WANDERING STARS 


[195°] Now this is the method of calculating the latitudes of the five wander- 
ing stars by means of these tables. For in the case of Saturn, Jupiter, and Mars 
we shall take the discrete, or corrected, anomaly of the eccentric circle among 
the common numbers: in the case of Mars, the anomaly as is; in that of Jupiter, 
after the subtraction of 20°; and in that of Saturn, after the addition of 50°. 
Accordingly we shall note the numbers which occur in the region of the 60’s, in 
the proportional minutes placed in the last column. Similarly by means of the 
corrected anomaly of parallax we shall determine the proper number of each 
planet, corresponding to the latitude: the first and northern latitude, if the pro- 
portional minutes are in the first half of the column—which happens when the 
anomaly of the eccentric circle is less than 90° or more than 270°; the second and 
southern latitude, if the proportional minutes are in the second half of the col- 
umn, 7.e., if the anomaly of the eccentric circle, whereby the table was entered 
upon, was more than 90° or less than 270°. Accordingly if we adjust one of these 
latitudes to its 60’s, the result will be the distance north or south of the ecliptic 
in accordance with the denomination of the circles assumed. 

But in the case of Venus and Mercury the three latitudes of declination, ob- 
liquation, and deviation, which are marked down separately, are to be taken 
first by means of the corrected anomaly of parallax, except that in the case 
of Mercury one tenth of the obliquation is to be subtracted, if the anomaly of 
the eccentric circle and its number are found in the first column of the table, or 
merely added, if in the second column of the table; and the remainder or sum is 
to be kept. 

And we must discern whether their denominations are northern or southern, 
since if the corrected anomaly of parallax is in the apogeal semicircle, 7.e., is less 
than 90° or more than 270° and the anomaly of the eccentric circle is also less 
than a semicircle; or again, if the anomaly of parallax is in the perigeal are, 7.e., 
is more than 90° and less than 270° and the anomaly of the eccentric circle is 
greater than a semicircle; the declination of Venus will be northern and that 
of Mercury southern. But if the anomaly of parallax is in the perigeal are and 
the anomaly of the eccentric circle is less than a semicircle; [1962] or if the 
anomaly of parallax is in the apogeal arc and the anomaly of the eccentric circle 
is more than a semicircle; conversely the declination of Venus will be southern 
and that of Mercury northern. But in the case of the obliquation, if the anomaly 
of parailax is less than a semicircle and the anomaly of the eccentric circle is 
apogeal; or if the anomaly of parallax is greater than a semicircle and the anom- 
aly of the eccentric circle is perigeal; the obliquation of Venus will be to the 
north and that of Mercury to the south; and vice versa. But the deviations of 
Venus always remain northern and those of Mercury southern. 

Then, corresponding to the corrected anomaly of the eccentric circle, the 
proportional minutes should be taken which are common to all the five planets, 
although they are ascribed to the three higher planets. These are assigned to 
the obliquation and lastly to the deviation. After this, when we have added 90° 
to the same anomaly of the eccentric circle, we shall once more take the sum 
and find the common proportional minutes which correspond to it and assign 
them to the latitude of declination. Having placed these things in this order, we 


838 COPERNICUS 


shall adjust each of the three particular latitudes set forth to their proportional 
minutes; and the result will be the corrected latitude for the position and time, 
so that at last we may have the sum of the three latitudes of the two planets. 
If all the latitudes are of one denomination, they are added together; but if not, 
only the two are added which have the same denomination; and according as 
the sum is greater or less than the third latitude, which is different from them, 
there will be a subtraction; and the remainder will be the predominant latitude 
sought for. 
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BIOGRAPHICAL NOTE 
JOHANNES KEPLER, 1571-1630 


EPLER was born December 27, 1571, at Weil 
the Duchy of Wurttemberg. He came from 
noble but poverty-stricken family, and, as he 
ter noted, was himself a premature and sick- 
-son such as the planets had foretold. His 
ther was a soldier of fortune and frequently 
vay from home until he acquired a tavern in 
77. Kepler, in the periods when he was not 
orking in the tavern, attended a German ele- 
entary school at Leonberg, but domestic 
inkruptey after three years led to his being 
ithdrawn and sent to labor in the fields. 
Kepler’s intellectual gifts were considered to 
dicate that he had a theological vocation, 
id in 1584 he was sent as a charity student to 
ie Protestant seminary at Adelberg. Two 
sars later he transferred to the college at 
faulbronn. A brilliant examination for the 
ichelor’s degree in 1588 enabled Kepler to go 
» the University of Tubingen, where he pre- 
ured for the master’s degree in philosophy. 
s a part of the regular course of studies, he 
arned astronomy with Mastlin, who intro- 
iced him to the work of Copernicus. He 
rote a paper on the reconciliation of the Co- 
srnican view with Sacred Scripture, but his 
‘incipal desire was to enter the ministry. It 
as with considerable reluctance that he was 
1ally persuaded in 1594 to accept the first 
yst offered to him, the chair of astronomy at 
ie Lutheran school of Graz. 

While filling his office as astronomer at 
raz, Kepler began to speculate on the order 
id distances of the planets. On July 19, 1595, 
> carefully noted down his ‘‘discovery”’ that 
xod in creating the universe and regulating 
ie order of the cosmos had in view the five 
gular bodies of geometry as known since the 
ays of Pythagoras and Plato.’’ He embodied 
s theory on these relations in his first pub- 
shed work on astronomy, entitled the Precur- 
r of Cosmographic Dissertations or the Cosmo- 
aphic Mystery, which appeared late in 1596. 
he book brought its author much fame and a 
iendly correspondence with the two most 


eminent astronomers of the time, Tycho Brahe 
and Galileo. 

In 1598 the Catholic archduke of Styria is- 
sued an edict of banishment against Protestant 
preachers and professors, and Kepler fled to 
the Hungarian border. Although reinstated in 
his post by the favor of the Jesuits, Kepler 
gladly accepted an offer from Tycho Brahe in 
1600 to serve as his assistant at the observa- : 
tory near Prague. A year later, upon the death 
of Tycho, Kepler was appointed his successor 
as imperial mathematician. 

In his new post Kepler inherited the records 
of Tycho’s observations. Utilizing these rec- 
ords and the results of his own observations at 
the Prague observatory, Kepler published a 
series of works which soon gained him a Euro- 
pean reputation. To satisfy the astrological 
proclivities of the emperor, he first wrote a 
treatise On the More Certain Foundations of 
Astrology (1602). His prognostications were 
highly successful; commenting on this fact, he 
remarked that ‘“‘Nature, which has conferred 
upon every animal the means of subsistence, 
has given astrology as an adjunct and ally to 
astronomy.”’ A preliminary study of optics re- _ 
sulted in the publication of his Optical Part of 
Astronomy (1604), which, as completed by the 
Dioptrics (1611), contained important dis- 
coveries in the theory of vision. But Kepler’s 
great work during these years was the elabora- 
tion of a new theory of the planets. Inspired by 
Gilbert’s book on the magnet and his own in- 
vestigations of the orbit of Mars, which he had 
been studying since his first meeting with 
Tycho, Kepler published in 1609 his New Aeti- 
ological Astronomy or Celestial Physics together 
with Commentaries on the Movements of the 
Planet Mars, in which he enunciated the laws 
of elliptical orbits and of equal areas. 

Meanwhile in his personal life Kepler was 
harassed upon every side. His salary was con- 
tinually in arrears; his wife “fell a prey to de- 
spondent melancholy, ... became seriously ill 
with Hungarian fever, epilepsy, and fits,’’ and 
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finally died; his three children succumbed to 
smallpox; and Prague itself became a battle- 
field. After “‘the terrible year of 1611,” Kepler, 
while still retaining the position of court as- 
tronomer, gratefully accepted the offer to be- 
come mathematician to Upper Austria. He 
moved to Linz, re-married in 1613, and re- 
sumed his astronomical investigations; but his 
personal fortunes showed little improvement. 

The twelve years of Kepler’s residence at 
Linz saw the publication of many of his most 
important astronomical works. The Harmonies 
of the World appeared in 1619. Its dedication to 
James I of England was acknowledged with an 
invitation to that country, but Kepler, despite 
his distraught circumstances, refused to leave, 
as two years previously he had declined the 
chair of mathematics at Bologna. For some 
time he had been working upon the project of 
comprehending the whole scheme of the heav- 
ens in one great treatise to be called Hip- 
parchus. The difficulties presented by the lunar 
theory finally compelled him to abandon his 
intention, and he recast a portion of his mate- 
rials in the form of a dialogue intended for the 
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general public, which was published as the 
Epitome of Astronomy (1618-21). In addition 
to these works and many essays dealing with 
chronology, Kepler devoted years to preparing 
for publication the astronomical tables com- 
piled from his own observations and those of 
Tycho. In spite of financial difficulties and 
civil and religious conflict, they finally ap- 
peared in 1627 under the title of the Rudolphine 
Tables. 

By this time Kepler’s claims upon the insol- 
vent imperial treasury amounted to twelve 
thousand florins. In 1628, under an arrange- 
ment with the emperor, the debt was trans: 
ferred to Duke Wallenstein of Friedland, anc 
Kepler moved with his family to Sagan ir 
Silesia. Wallenstein’s promises were only par. 
tially fulfilled, and in 1630 Kepler went tc 
Ratisbon to present his case to the Diet 
Shortly after his arrival he was taken ill with 
fever and died on November 15. He was buriec 
at Ratisbon. The epitaph, of his own composi 
tion, reads: ‘‘I had measured the heavens; nov 
I measure earth’s shadows. Mind came fron 
the heavens, Body’s shadow has fallen.” 
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BOOK FOUR 


Herein the natural and archetypal causes of Celestial Physics that 7s, 
of all the magnitudes, movements, and proportions in the heavens are 
explained and thus the Principles of the Doctrine on the Schemata are 
demonstrated. 

This book is designed to serve as a supplement to Aristotle’s.On the 
Heavens. 


TO THE READER 


Ir has been ten years since I published my Commentaries on the Movements of 
the Planet Mars. As only a few copies of the book were printed, and as it had 
so to speak hidden the teaching about celestial causes in thickets of calcula- 
tions and the rest of the astronomical apparatus, and since the more delicate 
readers were frightened away by the price of the book too; it seemed to my 
friends that I should be doing right and fulfilling my responsibilities, if I should 
write an epitome, wherein a summary of both the physical and astronomical 
teaching concerning the heavens would be set forth in plain and simple speech 
and with the boredom of the demonstrations alleviated. I did that before many 
years had passed. But meanwhile various delays came between the book and 
publication: the little book itself was not up to date in spots, and, unless I 
am mistaken, it was also incomplete in the form in which it was given, and 
even the plan of publication began to totter. For in the ‘‘doctrine concerning 
the sphere’’—published before three years were up—I seemed to certain people 
to be more diffuse in arguing about the diurnal movement or repose of the 
earth than befitted the form of an epitome. Accordingly I reflected that if 
the readers had not digested that part, which was however absent from no 
epitome of astronomy, all the more strange to them would be this Fourth 
Book, which airs so many new and unthought-of things ‘concerning the whole 
nature of the heavens—so that you might doubt whether you were doing a 
part of physics or astronomy, unless you recognized that speculative astronomy 
is one whole part of physics. 

On the other hand, I considered that this was a matter for the sake of my 
amplifying which and impressing it upon the public, 7.e., for the sake of my 
writing this little book, many men of letters had become my friends: that 
these speculations could not be omitted, unless I spent my devotion in giving 
attention to the darkness of a doctrine of schemata which was robbed of its 
proper principles. At least, necessity—how I wish she were sometimes less 
importunate!—cut short this disputation: for necessity makes that which 
cannot be done otherwise seem to be undertaken as if by design. The press 
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groaned and the work on the doctrine of schemata was being struck off, when 
its lawful godfather, whom I mentioned in the foreword to the Spherical 
Doctrine, attained his former state, and was sleeping, or perhaps giving up 
the ghost, and as the liberality of this most eminent patron was paying for 
the parts of this book, it became necessary for me suddenly to set out and to 
break off the work. At that same time the printers had reached the end of the 
Fourth Book and the Frankfort market-day was at hand. I decided that it 
would be best if the Fourth Book, the subject-matter of which includes both 
physics and astronomy, were also published separately; whence, according 
to the choice of the astronomer buying, it could be passed over, or inserted 
into the rest of the epitome. Kind reader, you have the reasons for this pub- 
lication, and I hope you will find them satisfactory. 

But as regards this branch of philosophizing: it will not be out of keeping 
with the job at hand if I here set down in advance some things from the recent 
letter which I wrote to a man who is intimate with a great Prince and is him- 
self also a great man. In this letter a comparison was undertaken between 
this book—or the related work On the Harmonies, published in the previous 
year—and Aristotle’s books On the Heavens and Metaphysics; and this phil- 
osophy [z.e., modern astronomy] was cleared of the worn-out charges of being 
esoteric and seeking after novelty. 

Accordingly, these are the excerpts from the aforesaid letter which have 
to do with the present undertaking: 

It seems to me I have nothing to worry about in the case of Aristotle: His 
Most Serene Highness is a Platonist in philosophy and a Christian in religion: 
His Most Serene Highness cannot dislike whatever is the more convincing, 
whether it be that the world was first made at a fixed beginning in time as was 
my work On thé Harmonies, or will be destroyed at some time, or is merely liable 
to destruction, like the alterations of the ether and the celestial atmosphere; 
nor will he ever prefer the Master Aristotle to the truth of which Aristotle 
was ignorant. 

But if His Most Serene Highness has a high opinion of Aristotle, where- 
soever he reveals the mysteries of philosophy, if he makes any serious remark 
or any praiseworthy attempt; for indeed he is the man who in On the Heavens 
(Book 11, Chapter 5) asks: ‘For what reason are there many movements?” 
So I ask: ““What are the reasons for the number of the planets?” He asks in 
the following chapter: ‘‘For what reason are the heavens borne from east to 
west rather than from west to east?” So I ask: ‘‘Why is any planet moved 
with so much speed, no more,'no less?”’ In Chapter 9 he asks: ‘‘Do the stars 
give forth sounds which are modulated [contemperatos| harmonically?” and 
answers no: I split up his judgment, for I grant that no sounds are given forth 
but I affirm and demonstrate that the movements are modulated according 
to harmonic proportions. In Chapter 10 he asks “‘about the order of the spheres, 
the intervals, and the ratio of the movements to the orbital circles’; but he 
merely asks and fails in the attempt. Not only do I answer these questions 
with most luminous demonstrations by means of the five regular solids, but 
also I add the number of the planets, which has been deduced from the Arche- 
type, so that it may be clear that the world is created. In Chapter 12 he asks: 
‘“‘Why in the descent from the upper to the lower planets are not the move- 
ments of the single planets found to be more manifold?” and he pronounces a 
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judgment most elegantly tempered by the modesty of confession and the 
wisdom of assertion. ‘‘Let us try,” he says, “to say only that which appears 
as true; for we judge that the readiness” even to put forward what is probable 
‘fs worthy of being characterized as modesty rather than presumption, if 
anyone, in things concerning which there are very great difficulties, is con- 
tent—in order to satisfy his thirst for philosophy—with even slight discussions 
such as these.’”’? But I myself, led on by this same praiseworthy thirst for phil- 
osophy, first wiped away from the eyes of astronomy those mists of the mul- 
tiplicity of movements in the single planets: then I gave a demonstration of 
the following: that the movement of the planet is not uniform throughout its 
whole circuit—as Aristotle argued in Chapters 6 and 7; but that in reality the 
movement is increased and decreased at places in its period which are fixed 
and are opposite to one another; and I explained the efficient or intsrumental 
causes of this increase as the lessening of the interval between the planet and 
the sun, from which as from a source that movement arises. Then, as in each 
and every planet there is a very fast movement and a very slow movement 
and in a fixed proportion, I did not merely raise the question as to the reason 
for this proportion in the single planets separately and in all the planets in rela~ 
tion to one another; and why Saturn and Jupiter have middling eccentricities, 
Mars a great eccentricity, the Sun and Venus slight eccentricities, and Mercury 
a very great eccentricity; but I also brought forward a solution of this very great 
difficulty, and not a trifling discussion but one wholly legitimate; and I took 
my solution from the Archetype of the harmonic cosmos: whence it is estab- 
lished that this cosmos cannot be better than it is and that it is impossible 
that the world should not have been created at a fixed beginning in time. 

This attempt of mine ought not to have been checked by shyness, but should 
have been brought forth into the light with strength of mind, namely, with the 
highest confidence in the visible works of God—if one has leisure for knowledge 
of them—or at the exhortation of Aristotle himself, who judged that in these 
questions you should not suppress or be silent about probabilities any more 
than about fully explored certainties. Then he is that same Aristotle who, in 
the Metaphysics, Book x11, Chapter 8, in which place he built up the most 
sublime part of his philosophy, the part concerning the gods and the number 
of them; who, I say, sends his students to the astronomers and who defers 
to the astronomers in respect to their authority and the weight of their testi- 
timony; indeed he would never have scorned Tycho Brahe or even myself, 
if that fatal necessity of the generations had made us contemporaries. For 
he orders his students ‘‘to read through both,” that is to say, Eudoxus and 
Callippus, for the one had corrected the errors of the other; and today that 
would be to read both Ptolemy and Tycho: “‘but to follow” not, he says, the 
more ancient, but “‘the more accurate.’’ And so, if Aristotle is dear to that 
most just Prince, I call Aristotle to witness that he has suffered no injury, 
if the astronomer, using the arguments which modern times have put forward 
concerning the heavens, has indicated that creatures arose in the heavens and 
will disappear once more—in opposition to the opinion of him who alleges ex- 
perience, but experience not sufficiently long. 

As regards the academies, they are established in order to regulate the studies 
of the pupils and are concerned not to have the program of teaching change 
very often: in such places, because it is a question of the progress of the stu- 
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dents, it frequently happens that the things which have to be chosen are not 
those which are most true but those which are most easy. And by that division 
in things which makes different peopie form different judgements, it so happens 
that certain people are in error contrary to their own opinion. It seems to me 
that the truth concerning the mutable nature of the heavens can be taught 
conveniently; but someone else judges that students and teachers equally 
are thrown into confusion by this doctrine. But it is not without its use in ex- 
plaining even those parts of the philosophy of Aristotle which are clearly false, 
as Book vim of the Physics concerning celestial movement and Book 11 of 
On the Heavens concerning the eternity of the heavens—so that a comparison 
could be made between the philosophy of the gentiles and the truth of Christian 
dogma. Accordingly, if certain subtleties which are difficult to grasp should 
not be laid before beginners, or if they should not be preferred to the accepted 
and necessary teachings, it does not follow that therefore those things should 
neither be written nor read privately. You can count few academies in which 
it is a part of the program to explain the Metaphysics of Aristotle: yet Aristotle 
wrote the Metaphysics too, a very useful work in the judgement of the pro- 
fessors on all the faculties. Therefore, in order that no one should consider 
His Most Serene Highness blameworthy, if he observes the rules of the acad- 
emies, and if he believes that the honour of the academics—even if they have 
sinned greatly in judgement—should be defended against presumptuous critics, 
against untimely quarrellers: so in turn I do not let myself be easily persuaded 
that this most wise Prince will seek to have all people remain publicly and 
privately inside the boundaries of academic philosophy; and to have no one 
labour privately in bringing forward these things, that is to say, in the mani- 
festation of the works of God. 

But His Most Supreme Highness will not pick a fight concerning the heavens; 
for he knows that the philosophers speak of the visible heavens; and Christ of 
the invisible heavens, or, as the schools say, of the empyrean, or, as the simple 
Christians take it, of the blessed seats, which no corruption will ever touch: 
since not Tycho, not I, but Christ Himself pronounces concerning this visible 
world: ‘‘Heaven and Earth shall pass away,’’ and the Psalmist, ‘‘they shall 
grow old like a garment’’; and Peter, ‘“They shall be destroyed root and all, 
and be consumed by burning in the fire.’”’ And that will occur in order that the 
alterations in the heavens should not destroy their eternity, if there should 
be such an eternity, just as the terrestrial alterations, which are perrennial 
and return in a circle, destroy the Earth’s eternity which was equally believed 
by Aristotle. But this kind of-argument against Aristotle will perhaps seem 
too contentious. Therefore let us use his own testimony instead; for he is not 
everywhere consistent: in the Metaphysics he attributes movement to the 
celestial bodies for its own sake and teaches “‘that they are moved in order 
that they may be moved’’; but in On the Heavens, being admonished by the 
things themselves, he attributes something or other like the terrestrial, some- 
thing multiplex and turbulent to the stars or rather to their movers, who by 
means of these mechanisms and movements seek another end outside of the 
movement itself, and one mover attains this end with more difficulty than 
another: in this way, as a matter of fact, he adduces the fewness of movements 
in the moon as witness of the inferior condition of the moon and its closer 
kinship to the Earth. For he means to say that the celestial bodies which can- 
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not wholly attain the highest end by their own nature do not employ many 
motions; and that it would have been wholly useless for the Earth to have a 
movement to attain that end, but that the Earth is absolutely at rest there; 
that the moon progresses somewhere and stretches out towards that end; the 
the higher bodies attain the end, but by many movements; and the highest 
heaven, by the one simple movement. And so he compares the actions, the 
mpates of the moon—that is the word he uses—to the uniform life of plants, 
but the wpdétes of the higher bodies, to the more varied life of animals. Yet 
he makes all those bodies to be in need of these actions because they have their 
end and their blessedness outside of themselves. Accordingly, in the epilogue 
to the Fifth Book of the Harmonies, I wish for Aristotle as my reader and 
critic; as it is not right that I should wish to take up any more of the time of 
His Most Serene Highness, the highest judgement of the Prince. I am sure of 
one thing at least, that if he would direct the cultivated power of his mind 
toward those things which Aristotle wrote and toward my epilogue, every- 
thing would be agreed between us, and he would by his own judgement har- 
monize the discord which now, as you predict, he might feel between us. 

In order to counter the envious charge of novelty-hunting, it would be first 
in my program, even though His Most Serene Highness can easily see all things 
for himself, to warn him fully of the distinction between the love—or thirst, 
to use the Aristotelian word—for the knowledge of natural things and the 
lust for contradicting and holding the opposite opinion. All philosophers, 
whether Greek or Latin, and all the poets too, recognize a divine ravishment 
in investigating the works of God: and not merely in investigating them 
privately but even in teaching them publicly: and it can be inferred that the 
false charge of esoteric novelty-hunting cannot cling to this ravishment. 

There is God tn us, and our warmth comes from His move- 
ments: This Spirit has descended from the heavenly seats. 

There is no need of this declamation before you, or before His Most Supreme 
Highness: only I must make some further mention of the boundary posts. 
For the boundary posts of investigation should not be set up in the narrow 
minds of a few men. ‘“The world is a petty thing, unless everyone finds the 
whole world in that which he is seeking,’”’ as Seneca says. But the boundary 
posts of true speculation are the same as those of the fabric of the world; but 
the Christian religion has put up some fences around false speculation which 
is on the wrong track, in order that error may not rush headlong but may be- 
come in other respects harmless in itself. Antiquity teaches us by examples 
how vainly man sets up boundary posts where God has not set them up: how 
severely all the astronomers were blamed by the first Christians. Did not 
Eusebius write of an astronomer that he preferred to desert Christianity—I 
suppose because he was excommunicated—rather than his profession? Who 
today would opine that Eusebius is to be imitated? Did not those who taught 
that there were antipodes seem to Tertullian and to Augustine to be over- 
wise? And, indeed, there was a Virgil Bishop of Salisbury who was removed 
from his office because he dared to assert this same fact. How many times were 
the Roman philosophers exiled from the city? And at that, under the ancient 
manners, wherewith the Roman State was established. Yet today we set up 
academies everywhere: we order that philosophy be taught, that astronomy 
be taught, that the antipodes be taught. 
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But I even in private free myself from the blame of seeking after novelty 
by suitable proofs: let my doctrines say whether there is love of truth in me 
or love of glory: for most of the ones I hold have been taken from other writers: 
I build my whole astronomy upon Copernicus’ hypotheses concerning the 
world, upon the observations of Tycho Brahe, and lastly upon the Englishman, 
William Gilbert’s philosophy of magnetism. If I rejoiced in novelty, I could 
have devised something like the Fracastorian or Patrician systems. Just as 
one who rejoices in occupations but rarely in companions, never of himself 
descends to dice or to a game of chess; similarly for me there is so much im- 
portance in the true doctrine of others or even in correcting the doctrines 
which are not in every respect well established, that my mind is never at 
leisure for the game of inventing new doctrines that are contrary to the true. 
Whatever I profess outwardly, that I believe inwardly: nothing is a worse 
cross for me than—I do not say, to speak what is contrary to my thought—to 
be unable to utter my inmost sentiments. I know that many innovators are 
produced by the same affect; but they are easily argued out of the error which 
seduces them. No one shows that I have committed an error. But because 
certain people cannot grasp the subtleties of things, they lay the charge of 
novelty-hunting upon me. 

I now descend to the work itself, the Harmonies: I do not doubt that he who 
condemns the itch to devise new things and the presumption to profess new 
and grandiose things will find in the epilogue to the Fifth Book! that which he 
will mark critically. For here the sun-spots and little flames are brought for- 
ward as evidence of there being exhalations from the sun which are analogous 
to exhalations from the Earth: here things corresponding to the generation of 
animals are established as occurring in the planets—here the confines of the 
mysteries of Christian religion are touched: we knock at the doors of the science 
of the Magi, of theurgy, of the idolatry of the Persians, and of those who 
worship the sun as god—as the interjection of frequent warnings does not 
dissimulate. 

Accordingly, if what has been said so far concerning these esoteric things 
is not satisfactory: at any rate let this be impressed upon His Most Serene 
Highness: that this chapter contributes nothing in its own right except con- 
jectures; and although it adds a good deal to the form of the work: because—as 
the opening of the chapter has it—reason itself leads ‘‘from the Muses to 
Apollo’’: nevertheless, since the other parts of the work are established by 
means of their proper demonstrations, the chapter, or epilogue, can be con- 
sidered as cut off from the rest. For even without the epilogue, the following 
thesis is upheld by incontrovertible demonstrations: that in the farthest move- 
ments of any two planets, the universe was stamped with the adornment of harmonic 
proportions; and, accordingly, in order that this adornment might be brought into 
concord with the movements, the eccentricities which fell to the lot of each planet 
had to be brought into concord. The most wise Prince will easily reckon how 
great an addition this makes in illustrating the glory of the fabric of the world, 
and of God the Architect. 

But if, however, even this inquiry is accused of being esoteric: I indeed con- 
fess that the head of astronomy is struck off. And since astronomy is studied 
either for its own sake as a philosophy or for the sake of making astronomical 

1See Harmonies of the World, pp. 1080-1085. 
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predictions; then, if I am to cast my ballot in the question of future contin- 
gencies, His Most Serene Highness repudiates any secondary end for this exact 
and subtle investigation of physical causes which does not offer itself for the 
uses of daily life: therefore the taking away from me of the primary end slays 
this whole subtle astronomy and plainly makes it useless. 

Nevertheless, in order that I may arm myself against this eventuality also: 
I will grant that this work of mine, the Harmonies, is nothing except as it were 
a certain picture of the edifice of astronomy; and though it may be erased at 
the pleasure of him who spits upon it, nevertheless the house called astronomy 
stands by itself: and I know that astronomy is not condemned by His Most 
Serene Highness but is held of great value on account of its certitude in pre- 
dicting movements: perhaps, therefore, he will judge its architect—who is 
almost the only renovator after the Master Tycho and who thought it worth 
while to devote his life to this work—to be not unworthy of his favour. 

These extracts from the letter, most of which have to do with the investi- 
gation of very hidden causes which is to be viewed in this little book, should 
be spoken and understood. And now it is time for the reader to pass on to the 
little book. 


FIRST BOOK ON THE DOCTRINE OF THE SCHEMATA 


ON THE PosITION, ORDER, AND MOVEMENT OF THE PARTS OF THE WORLD; 
OR, ON THE SYSTEM OF THE WORLD 


[433] What is the subject of the doctrine of the schemata? 


The proper movements of the planets; we call them the secondary move- 
ments; and the planets, the secondary movables. 


Why do you call them the proper movements of the planets? 


1. Because the apparent daily movement—with which the doctrine on the 
sphere is concerned—and which is common to both the planets and the fixed 
stars, and so to the whole world, is seen to travel from the east to the west; 
but the far slower single movements of the single planets travel in the opposite 
direction from west to east; and therefore it is certain that these movements 
cannot depend upon that common movement of the world—which we have 
discussed so far—but should be assigned to the planets themselves, and thus 
they are generically proper to the planets. 

2. But even if in these proper movements of the single [484] planets from 
west to east there is also present something common, not diurnal but annual, 
which is extrinsic and betrays that its cause lies in eyesight alone, outside 
the truth of the thing; and which meanwhile makes the planet in its proper 
movement have the appearance of retrograding, that is, from east to west, 
nevertheless because this common movement is so woven into the single periods 
of the single planets, and so variously transformed, that at first glance you 
cannot discern what is common to all the planets and what is proper to each: 
accordingly this whole composite movement of each planet, as it meets the 
eyes, is said to be proper to each planet specifically; especially since this 
movement which is common to many does not have its origin in that first 
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common movement of the whole world, but in the proper movement of each 
planet. 


How many parts are there to the doctrine of the schemata? 


Above (in Book 1, page 15), the whole doctrine was divided into its three 
proper parts: the first, concerning the principles wherewith Copernicus demon- 
strates the secondary movements—the material of Book tv; the second, con- 
cerning the machinery whereby these movements are laid before the eyes, 
viz., concerning the eccentric and similar circles—the material of Book v; 
and the third, concerning the apparent movements of the single planets and 
the common accidents of the planets taken together—the material of Book v1; 
and the fourth part, which is common to the doctrines on the sphere and 
on the schemata, concerns the apparent movement of the eighth sphere—the 
material of Book vit. 


What are the hypotheses or principles wherewith Copernican astronomy saves 
the appearances in the proper movements of the planets? 


They are principally: (1) that the sun is located at the centre of the sphere 
of the fixed stars—or approximately at the centre—and is immovable in place; 
(2) that the single planets move really around the sun in their single systems, 
which are compounded of many perfect circles [435] revolved in an abso- 
lutely uniform movement; (3) that the Earth is one of the planets, so that 
by its mean annual movement around the sun it describes its orbital circle 
between the orbital circles of Mars and of Venus; (4) that the ratio of its 
orbital circle to the diameter of the sphere of the fixed stars is imperceptible 
to sense and therefore, as it were, exceeds measurements; (5) that the sphere 
of the moon is arranged around the Earth as its centre, so that the annual 
movement around the sun—and so the movement from place to place—is 
common to the whole sphere of the moon and to the Earth. 


Do you judge that these principles should be held to in this Epitome? 


Since astronomy has two ends, to save the appearances and to contemplate 
the true form of the edifice of the world—of which I have treated in Book 1, 
folia 4 and 5—there is no need of all these principles in order to attain the 
first end: but some can be changed and others can be omitted; however, the 
second principle must necessarily be corrected: and even though most of these 
principles are necessary for the second end, nevertheless they are not yet 
sufficient. 


Which of these principles can be changed or omitted and the appearances still 
be saved? 


Tycho Brahe demonstrates the appearances with the first and third prin- 
ciples changed: for he, like the ancients, places the Earth immobile, at the 
centre of the world; but the sun—which even for him is the centre of the 
orbital circles of the five planets—and the system of all the spheres he makes 
to go around the Earth in the common annual movement, while at the same 
time in this common system any planet completes its proper movements. 
Moreover, he omits the fourth principle altogether and exhibits the sphere of 
the fixed stars as not much greater than the sphere of Saturn. 
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[436] What in turn do you substitute for the second principle and what else do you 
add to the true form of the dwelling of the world or to what belongs to the nature of 
the heavens? 

Even though the true movements are to be left singly to the single planets, 
nevertheless these movements do not move by themselves nor by the revolu- 
tions of spheres—for there are no solid spheres—but the sun in the centre 
of the world, revolving around the centre of its body and around its axis, by 
this revolution becomes the cause of the single planets going around. 

Further, even though the planets are really eccentric to the centre of the 
sun: nevertheless there are no other smaller circles called epicycles, which 
by their revolution vary the intervals between the planet and the sun; but the 
bodies themselves of the planets, by an inborn force [vi insite], furnish the 
occasion for this variation. 


What, then, will the material of Book IV be? 


Book tv will contain celestial physics itself, or the form and proportions of 
the fabric of the world and the true causes of the movements. This will be 
the primary function of the astronomer—as we said in Book 1, folium 5, namely, 
the demonstration of his hypotheses. 


Review the principal parts of Book IV. 


There will be three principal parts of Book tv. 

The first is on the bodies themselves; the second, on the movements of those 
bodies; the third, on the real accidents of the movements. 

For the first part will teach the conformation of the whole universe, its 
division into parts or principal regions; the place of the sun at its centre; the 
number, magnitude, and order or position of the planetary spheres; and lastly, 
the ratios of all the bodies of the world to one another. 

The second part will teach the revolution of the sun around its axis, and its 
effect in making the planets revolve; the causes of the proportionality of the 
movements among themselves, 7.e., of the periodic [437] times; the immobility 
of the centre of the sun and the annual movement of the centre of the Earth 
around the sun; the revolution of the Earth around its axis and its effect in 
making the moon revolve; the additional help in moving the moon given by 
the light of the sun; and what the causes of the proportions between the day, 
month, and year are. 

The third part will disclose the causes of the threefold irregularity of the 
altitude, longitude, and latitude in the single planets—and how these ir- 
regularities are doubled in the moon by the force of the illumination from the 


sun. 
PART I 


1. ON THE PRINCIPAL PARTS OF THE WORLD 
[438] What do you judge to be the lay-out of the principal parts of the world? 
The Philosophy of Copernicus reckons up the principal parts of the world 
by dividing the figure of the world into regions. For in the sphere, which is 


the image of God the Creator and the Archetype of the world—as was proved 
in Book 1—there are three regions, symbols of the three persons of the Holy 
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Trinity—the centre, a symbol of the Father; 
the surface, of the Son; and the intermediate 
space, of the Holy Ghost. So, too, just as 
many principal parts of the world have been 
made—the different parts in the different re- 
gions of the sphere: the sun in the centre, the 
sphere of the fixed stars on the surface, and 
lastly the planetary system in the region in- 


termediate between the sun and the fixed 
stars. 


I thought the principal parts of the world are 
reckoned to be the heavens and the earth? 


Of course, our uncultivated eyesight from 
the Earth cannot show us any other more notable parts—as was said in Book 
1, folia 8, 9, 10—since we tread upon the one with our feet and are roofed 
over by the other, and since both parts seem to be commingled and cemented 
together in the common limbo of the horizon—like a globe in which stars, 
clouds, birds, man, and the various kinds of terrestrial animals are enclosed. 

But we are practised in the discipline which discloses the causes of things, 
shakes off the deceptions of eyesight, and carries the mind higher and farther, 
outside of the boundaries of eyesight. Hence it should not be surprising to 
anyone that eyesight should learn from reason, that the pupil should learn 
something new from his master which he did not know before—namely, that 
the Earth, considered alone and by itself, should not be reckoned among the 
primary parts of the great world but should be added to one of the primary 
parts, z.¢e., to the planetary region, the movable world, and that the Earth 
has the proportionality of a beginning in that part; and that the sun in turn 
should be separated from the number of stars and set up as one of the prin- 
cipal parts of the whole universe. But I am speaking now of the Earth in so far 
as it is a part of the edifice of the world, and not of the dignity of the governing 
creatures which inhabit it. 


By what properties do you distinguish these members of the great world from one 
another? 


The perfection of the world consists in light, heat, movement, and the 
harmony of movements. These are analogous to the faculties of the soul: 
light, to the sensitive; heat, to the vital and the natural; movement, to the 
animal; harmony, to the rational. And indeed the adornment [ornatus] of 
the world consists in light; its life and growth, in heat; and, so to speak, its 
action, in movement; and its contemplation—wherein Aristotle places blessed- 
ness—in harmonies. Now since three things necessarily come together for 
every affection, namely, the cause a qua, the subject 7m quo, and the form sub 
qua—therefore, in respect to all the aforesaid affections of the world, the sun 
exercises the function of the efficient cause; the region of the fixed stars that 
of the thing forming, containing, and terminating; and the intermediate 
space, that of the subject—in accordance with the nature of each affection. 
Accordingly, in all these ways the sun is the principal body of the whole world. 

For as regards light: since the sun is very beautiful with light and is as if the 
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eye of the world, like a source of light or very brilliant torch, the sun illum- 
inates, paints, and adorns the bodies of the rest of the world; the intermediate 
space is not itself light-giving, but light-filled and transparent and the channel 
through which light is conducted from its source, and there exist in this region 
the globes and the creatures upon which the light of the sun is poured and 
which make use of this light. The sphere of the fixed stars plays the role of the 
river-bed in which this river of light runs, and is as it were an opaque and 
illuminated wall, reflecting and doubling the light of the sun: you have very 
properly likened it to a lantern, which shuts out. the winds. 

Thus in animals the cerebrum, the seat of the sensitive faculty imparts 
to the whole animal all its senses, and by the act of common sense causes the 
presence of all those senses as if arousing them and ordering them to keep watch. 
And in another way, in this simile, the sun is the mage of common sense; 
the globes in the intermediate space of [440] the sense-organs; and the sphere 
of the fixed stars of the sensible objects. 

As regards heat: the sun is the fireplace [focus] of the world; the globes in 
the intermediate space warm themselves at this fireplace, and the sphere of 
the fixed stars keeps the heat from flowing out, like a wall of the world, or a 
skin or garment—to use the metaphor of the Psalm of David. The sun is fire, 
as the Pythagoreans said, or a red-hot stone or mass, as Democritus said—and 
the sphere of the fixed stars is ice, or a crystalline sphere, comparatively speak- 
ing. But if there is a certain vegetative faculty not only in terrestrial creatures 
but also in the whole ether throughout the universal amplitude of the world— 
and both the manifest energy of the sun in warming and physical considerations 
concerning the origin of comets lead us to draw this inference—it is believable 
that this faculty is rooted in the sun as in the heart of the world, and that 
thence by the oarage of light and heat it spreads out into this most wide space 
of the world—in the way that in animals the seat of heat and of the vital 
faculty is in the heart and the seat of the vegetative faculty in the liver, whence 
these faculties by the intermingling of the spirits spread out into the remaining 
members of the body. The sphere of the fixed stars, situated diametrically 
opposite on every side, helps this vegetative faculty by concentrating heat, 
as they say; as it were a kind of skin of the world. 

As regards movement: the sun is the first cause of the movement of the 
planets and the first mover of the universe, even by reason of its own body. 
In the intermediate space the movables, 7.e., the globes of the planets, are 
laid out. The region of the fixed stars supplies the movables with a place and a 
base upon which the movables are, as it were, supported; and movement is 
understood as taking place relative to its absolute immobility. So in animals 
the cerebellum is the seat of the motor faculty, and the body and its members 
are that which is moved. The Earth is the base of an animal body; the body, 
the base of the arm or head, and the arm, the base of the finger. And the 
movement of each part takes place upon this base as upon something immovable. 

Finally, as regards the harmony of the movements: the sun occupies that 
place in which alone the movements of the planets [441] give the appearance 
of magnitudes harmonically proportioned [contemperatarum]. The planets 
themselves, moving in the intermediate space, exhibit the subject or terms, 
wherein the harmonies are found; the sphere of the fixed stars, or the circle 
of the zodiac, exhibits the measures whereby the magnitude of the apparent 
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movements is known. So too in man there is the intellect, which abstracts 
universals and forms numbers and proportions, as things which are not outside 
of intellect; but individuals [individua], received inwardly through the senses 
are the foundation of universals; and indivisible [individuae] and discrete 
unities, of numbers; and real terms of proportions. Finally, memory, divided 
as it were into compartments of quantities and times, like the sphere of the 
fixed stars, is the storehouse and repository of sensations. And further, there 
is never judgment of sensations except in the cerebrum; and the effect of joy 
never arises from a sense-perception except in the heart. 

Accordingly, the aforesaid vegetating corresponds to the nutritive faculty 
of animals and plants; heating corresponds to the vital faculty; movement, 
to the animal faculty; light, to the sensitive; and harmony, to the rational. 
Wherefore most rightly is the sun held to be the heart of the world and the 
seat of reason and life, and the principal one among three primary members 
of the world; and these praises are true in the philosophic sense, since the 
poets honour the sun as the king of the stars, but the Sidonians, Chaldees, 
and Persians—by an idiom of language observed in German too—as the queen 
of the heavens, and the Platonists, as the king of intellectual fire. 


These three members of the world do not seem to correspond with sufficient neatness 
to the three regions of a sphere: for the centre 1s a point, but the sun 1s a body; and 
the outer surface 1s understood to be continuous, yet the region of fixed stars does 
not shine as a totality, but 1s everywhere sown with shining points discrete from 
one another; and finally, the intermediate part 1n a sphere fills the whole expanse, 
but in the world the space between the sun [442] and the fixed stars ts not seen to 
be set in motion as a whole. 


As a matter of fact, the question indicates the neatest answer concerning 
the three parts of the world. For since a point could not be clothed or ex- 
pressed except by some body—and thus the body which is in the centre would 
fail of the indivisibility of the centre—it was proper that the sphere of the 
fixed stars should fail of the continuity of a spherical surface, and should burst 
open in the very minute points of the innumerable fixed stars; and that finally 
the middle space should not be wholly occupied by movement and the other 
affections, nor be completely transparent, but slightly more dense, since it 
could not be altogether empty but had to be filled by some body. 


Are there solid spheres [orbes] whereon the planets are carried? And are there 
empty spaces between the spheres? | 


Tycho Brahe disproved the solidity of the spheres by three reasons: the 
first from the movement of comets; the second from the fact that light is not 
refracted; the third from the ratio of the spheres. 

For if spheres were solid, the comets would not be seen to cross from one 
sphere into another, for they would be prevented by the solidity; but they 
cross from one sphere into another, as Brahe shows. 

From light thus: since the spheres are eccentric, and since the Earth and its 
surface—where the eye is—are not situated at the center of each sphere; there- 
fore if the spheres were solid, that is to say far more dense than that very 
limpid ether, then the rays of the stars would be refracted before they reached 
our air, aS optics teaches; and so the planet would appear irregularly and in 
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places far different from those which could be predicted by the astronomer. 

The third reason comes from the principles of Brahe himself; for they bear 
witness, as do the Copernican, that Mars is sometimes nearer the Earth than 
the sun is. But Brahe could not believe this interchange to be possible [443] if 
the spheres were solid, since the sphere of Mars would have to intersect the 
sphere of the sun. 


Then what ts there in the planetary regions besides the planets? 


Nothing except the ether which is common to the spheres and to the inter- 
vals: it is very limpid and yields to the movable bodies no less readily than it 
yields to the lights of the sun and stars, so that the lights can come down to us. 


If tt vs ether, then rt will be a material body having density. Therefore will not rts 
matter resist the movable bodies somewhat? 


On the contrary, the ether is more rarefied than our air, since it is very 
pure, being spread over a space which is practically immense. 


How do you prove this? 


In optics, by refractions. For our air, which is contiguous to the ether, 
causes a refraction of approximately 30’. But water contiguous to air causes 
a refraction of approximately 48°, whence the ratio of the density of water 
to air, and of air to ether is somehow established by taking the cubes of the 
numbers. For 30’ is contained approximately 100 times in 48°; and in squares, 
that is 10,000 times, and in cubes 1,000,000 times. Therefore air is that many 
times more rarefied than water, and ether than air. 


Nevertheless the matter of the ether is not absolutely null: are the stars therefore still 
impeded by 21? 

We can without any inconvenience grant such a small impediment of move- 
ment and such a small resistance of the ether to the movable bodies, just as even 
before this it must be granted that they offer some resistance on account of the 
proper matter of their bodies, as will be made clear below. And what if no re- 
sistance should be granted to the ether, [444] since it is fairly credible that the 
ether which surrounds the movable globe the most closely accompanies the 
globe on account of the very great limpidity [of the ether]? 


2. ON THE PLACE OF THE SUN AT THE CENTRE OF THE WORLD 
By what arguments do you affirm that the sun ts situated at the centre of the world? 


The very ancient Pythagoreans and the Italian philosophers supply us with 
some of those arguments in Aristotle (On the Heavens, Book, 11, Chapter 13); and 
these arguments are drawn from the dignity of the sun and that of the place, 
and from the sun’s office of vivification and illumination in the world. 


State the first argument from dignity. 


This is the reasoning of the Pythagoreans according to Aristotle: the more 
worthy place is due to the most worthy and most precious body. Now the sun— 
for which they used the word ‘‘fire,’’ as sects purposely hiding their teachings— 
is worthier than the Earth and is the most worthy and most precious body in 
the whole world, as was shown a little before. But the surface and centre, or mid- 
point, are the two extremities of a sphere. Therefore one of these places is due 
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to the sun. But not the surface; for that which is the principal body in the whole 
world should watch over all the bodies; but the centre is suited for this function, 
and so they used to call it the Watchtower of Jupiter. And so it is not proper 
that the Earth should be in the middle. For this place belongs to the sun, while 
the Earth is borne around the centre of its yearly movement. 


What answer does Aristotle make to this argument? 


1. He says that they assume something which is not granted, namely, that 
the centre [445] of magnitude, 7.e., of the sphere, and the centre of the things, 
1.e., of the body of the world, and so of nature, z.e., of informing or vivifying, are 
the same. But just as in animals the centre of vivification and the centre of the 
body are not the same—for the heart is inside but is not equally distant from 
the surface—we should think in the same way about the heavens, and we should 
not fear for the safety of the whole universe or place a guard at the centre; 
rather, we should ask what sort of body the heart of the world of the centre or 
vivification is and in what place in the world it is situated. 

2. He tries to show the dissimilarity between the midpart of the nature and 
the midpart of place. For the midpart of nature, or the most worthy and pre- 
cious body, has the proportionality of a beginning. But in the midpart of place is 
the last, in quantity considered metaphysically, rather than the first or the be- 
ginning. For that which is the midpart of quantity, z.e.,is the farthest in, is bound- 
ed or circumscribed. But the limits are that which bounds or circumscribes. Now 
that which goes around on the outside, and limits and encloses, is of greater ex- 
cellence and worth than that which is on the inside and is bounded: for matter is 
among those things which are bounded, limited, and contained; but form, or the 
essence of any creature, is of the number of those things which limit, cireum- 
scribe, and comprehend. He thinks that he has proved in this way that not so 
much the midpart of the world as the extremity belongs to the sun, or as he 
understood it, to the fire of the Pythagoreans. 


How do you rebut this refutation of Aristotle’s? 


1. Even if it be true that not in all creatures and least in animals is the prin- 
cipal part of the whole creature at the centre of the whole mass: however, since 
we are arguing about the world, nothing is more probable than this. For the 
figure of the world is spherical, and that of an animal is not. For animals need 
organs extending outside themselves, with which they stand upon the ground, 
and upon which they may move, and with which they may take within them- 
selves the food, drink, [446] forms of things, and sounds received from outside. 
The world on the contrary, is alone, having nothing outside, resting on itself 
immobile as a whole; and it alone is all things. And so there is no reason why the 
heart of the world should be elsewhere than in the centre in order that what it 
is, viz., the heart, might be equally distant from all the farthest parts of the 
world, that is to say, by an interval everywhere equal. 

2. Furthermore, as regards his telling us to ask what sort of body the prin- 
cipal part of the whole universe is: he is confused by that riddle of the Pytha- 
goreans and believes that they claim that this element is principal. He is not 
wrong however in telling us to do that. And accordingly we, following the advice 
of Aristotle, have picked out the sun; and neither the Pythagoreans in their mys- 
tical sense nor Aristotle himself are against us. And when we ask in what place 
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in the world the sun is situated, Copernicus, as being skilled in the knowledge 
of the heavens, shows us that the sun is in the midpart. The others who exhibit 
its place as elsewhere are not forced to do this by astronomical arguments but 
by certain others of a metaphysical character drawn from the consideration of 
the Earth and its place. Both we and they set a value upon these arguments; 
and they themselves too by means of these arguments do not show but seek the 
place of the sun. So if when seeking the place of the sun in the world, we find 
that it is the centre of the world; we are doing just as Aristotle; and his refuta- 
tion does not apply to us. 

3. As regards the fact that Aristotle, directly contradicting the Pythagoreans 
ascribes vileness to the centre, he does that contrary to the nature of figures and 
contrary to their geometrical or metaphysical consideration. 

For above in Book 1, the centre was absolutely not last in the sphere, but 
wholly its most regular beginning of generation in the mind, and it manifests the 
likeness of the Holy Trinity, in shadowing forth God the Father, who is the 
First Person. 

4, Finally it can be seen by anyone that he who judges as a physicist of those 
things which are geometrical does not do rightly, unless what he questions con- 
cerning matter and form [447] had been taken over by analogy from a con- 
sideration of geometrical figures. For indeed, in solid quantities the inward cor- 
poreality, everywhere spread out equally and not by itself partaking of any 
figure, is a true image of matter in physical things; but the outward figure of the 
corporeality, composed of fixed surfaces which bound the solidity, represent the 

form in physical things. And so this com- 
parison is permitted to him simply; but it ap- 
pears from that that he plays equivocally 
with ‘‘midpart”’ [medium]. For though the 
Pythagoreans spoke of the inmost point of the 
sphere [as the midpart or centre]; he under- 
stood the whole space within the surface as 
comprehended by the word ‘‘midpart.’’ Ac- 
cordingly we must grant him the victory as 
regards the space, but it is a useless victory; 
for the Pythagoreans and Copernicus win as 
regards the midpart of all this space. For even 
if the midpart as a space does not deserve the 
name of limit; nevertheless as centre it does 
deserve this name. And in this respect [448] 
it must be added to the forms and boundaries: since above (in Book 1) the centre 
was the origin of generation of the sphere, metaphysically considered. 


Prove by means of the office of the sun that the centre ts due to it. 


That has already been partly done in rebutting the Aristotelian refutation. 
For (1) if the whole world, which is spherical, is equally in need of the light of 
the sun and its heat, then it would be best for the sun to be at the midpart, 
whence light and heat may be distributed to all the regions of the world. And 
that takes place more uniformly and rightly, with the sun resting at the centre 
than with the sun moving around the centre. For if the sun approached certain 
regions for the sake of warming them, it would draw away from the opposite 
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regions and would cause alternations while it itself remained perfectly simple. 
And it is surprising that some people use jokingly the similitude of light at the 
centre of the lamp, as it is a very apt similitude, least fitted to satirize this 
opinion but suited rather to painting the power of this argument. 

(2) But a special argument is woven together concerning light, which pre- 
supposes fitness, not necessity. Imagine the sphere of the fixed stars as a concave 
mirror: you know that the eye placed at the centre of such a mirror gazes upon 
itself everywhere: and if there is a light at the centre, it is everywhere reflected 
at right angles from the concave surface and the reflected rays come together 
again at the centre. And in fact that can occur at no other point in the concave 
mirror except at the centre. Therefore, since the sun is the source of light and 
eye of the world, the centre is due to it in order that the sun—as the Father in 
the divine symbolizing—may contemplate itself in the whole concave surface— 
which is the symbol of God the Son—and take pleasure in the image of itself, 
and illuminate itself by shining and inflame itself by warming. These melodious 
little verses apply to the sun: 

Thou who dost gaze at thy face 

and dost everywhere leap back 

from the navel of the upper air 

O gushing up of the gleams flowing 
through the glass emptiness, Sun, 

who dost again swallow thy reflections. 


Nevertheless Copernicus did not place the sun exactly at the center of the world? 


It was the intention of Copernicus to show that this node common to all the 
planetary systems—of which node we shall speak below—is as far distant from 
the centre of the sun as the ancients made the eccentricity of the sun to be. He 
established this node as the centre of the world, and was compelled to do so by 
no astronomical demonstration but on account of fitness alone, in order that 
this node and, as it were, the common centre of the mobile spheres would not 
differ from the very centre of the world. But if anyone else, in applying this 
same fitness, wished to contend that we should rather fear to make the sun differ 
from the centre of the world, and that it was sufficient that this node of the 
region of the moving planets should be situated very near, even if not exactly at 
the centre—anyone who wished to make this contention, I say, would have 
raised no disturbance in Copernican astronomy. So, firstly, the last arguments 
concerning the place of the sun at the centre are nevertheless unaffected by this 
opinion of Copernicus concerning the distance of this node from the sun. But 
secondly we must not agree to the opinion of Copernicus that this node is distant 
from the centre of the sun. For the common node of the region of the mobile 
planets is in the sun, as will be proved below; and so by some probable arguments 
either the one or the other point is set down at the centre of the sphere of the 
fixed stars, and by the same arguments the other point is brought to the same 
place, even with the approval of Copernicus. 


3. ON THE ORDER OF THE MOVABLE SPHERES 


How are the planets divided among themselves? 
Into the primary and the secondary. The primary planets are those whose 
bodies are borne around the sun, as will be shown below; the secondary planets 
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are those whose own circles are arranged not around the sun but around one of 
the primary planets and who also share in the movement of the primary planet 
around the sun. Saturn is believed to have two such secondary planets and to 
draw them around with itself: they come into sight now and then with the help 
of a telescope. Jupiter has four such planets around itself: D, E, F, H. The Earth 
(B) has one (C) called the moon. It is not yet clear in the case of Mars, Venus, 
and Mercury whether they too have such a companion or satellite. 


Then how many planets are to be considered tn the doctrine on schemata? 


No more than seven: the six so-called primary planets: (1) Saturn, (2) 
Jupiter, (3) Mars, (4) the Earth—the sun to eyesight, (5) Venus, (6) Mercury, 
and (7) only one of the secondary planets, the 
moon, because it alone revolves around our 
home, the Earth; the other secondary planets 
do not concern us who inhabit the Earth, [451] 
and we cannot behold them without excel- 
lent telescopes. 


In what order are the planets laid out: are they 
an the same heaven or in different heavens? 


Eyesight places them all in that farthest 
and highest sphere of the fixed stars and 
opines that they move among the fixed stars. 
But reason persuades men of all times and 
of all sects that the case is different. For if the 
centres of all the planets were in the same 
sphere and since we see that to sight they 
are fairly often in conjunction with one an- 
other: accordingly one planet would impede the other, and their movements 
could not be regular and perpetual. 

But the reasoning of Copernicus and ancient Aristarchus, which relies upon 
observations, proves that the regions of the single planets are separated by very 
great intervals from one another and from the fixed stars. 


What 1s the difference here between the reasoning of Copernicus and that of the 
ancients? 


1. The reasoning of the ancients is merely probable, but the demonstration 
of Copernicus, arising from his principles, brings necessity. 

2. They teach only that there is not more than one planet in any one sphere: 
Copernicus further adds how great a distance any planet must necessarily 
be above another. 

3. Now the ancients built up one heaven upon another, like layers in a wall, 
or, to use a closer analogy, like onion skins: the inner supports the outer; 
for they thought that all intervals had to be filled by spheres and that the 
higher sphere must be set down as being only as great as the lower sphere of a 
known magnitude allows; and that is only a material conformation. Copernicus, 
having measured by his observation the intervals between the single spheres, 
showed that there is such a great distance between two planetary spheres, 
that it is unbelievable that it should be filled with spheres. And so this lay-out 
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of his urges the speculative mind to spurn matter and the contiguity of spheres 
and to look towards the investigation of the formal lay-out or archetype, with 
reference to which the intervals were made. 

4. The ancients, with their material structure, were forced to make the 
planetary or mobile world many parts greater than Copernicus was forced 
to do with his formal lay-out. But Copernicus, on the contrary, made the 
region of the mobile planets not very large, while he made the motionless 
sphere of the fixed stars immense. The ancients do not make it much greater 
than the sphere of Saturn. 

5. The ancients do not explain and confirm as they desire the reason for 
their lay-out; Copernicus establishes his lay-out excellently by reasons. 


What do you mean by the reasons for the lay-out of the spheres, and how is Coper- 
nicus outstanding in this respect? 


Aristotle teaches in On the Heavens (Book 11, Chapter 10) that nothing is more 
consonant with reason than that the times of revolution of each planet should 
correspond to the altitude or amplitude of its sphere. Now for the ancients, 
the highest planet was the same as the slowest, namely, Saturn, because it 
takes 30 years. Jupiter follows it in place and in time, and takes 2 years; 
Mars, which takes less than 2 years, follows Jupiter. But for the ancients, this 
proportionality was changed in the remaining planets. For unless you grant 
to the Earth an annual movement around the sun, then the sun, Venus, and 
Mercury—three distinct planets—have the same time of revolution of a year, 
nevertheless they give them different spheres: the upper to the sun, the middle 
to Venus, and the third to Mercury. Finally they give the lowest place to the 
moon, as it takes the shortest time, namely a month. 

But Copernicus, postulating that the Earth moves around the sun, keeps 
the same proportion of movement and time in all the planets. For him the sun 
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Schema of Saturn, Jupiter, Mars, and [454] Schema of the Earth, Venus, and 
the Earth Mercury, with orbit of the Earth en- 
larged 


is at the centre of the world and is thus the farthest in; it is without the revolu- 
tion of the centre, that is to say, it is motionless with respect to the centre 
and the axis. But a few years after this, the body [453] of the sun was per- 
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ceived to move around its motionless axis more quickly than the space of one 
month. Mercury, the nearest, circles around the sun in the smallest sphere 
and completes its revolution in 3 months; around this sphere moves Venus 
in a larger sphere and in a longer period of time, vzz., 744 months. Around the 
heaven of Venus moves the Earth with its satellite the moon—for the moon 
is a secondary planet, whose proportionality is not counted among the primary 
planets—and it revolves in a period of 12 months. After, follow Mars, Jupiter, 
and Saturn, as with the ancients, each with its satellite. After Saturn, comes 
the sphere of the fixed stars—and it is distant by such an immense interval 
that it is absolutely at rest. 


What measure does Copernicus use in measuring the intervals of the single planets? 


We must use a measure so proportioned that the other spheres can be com- 
pared, a measure very closely related to us and thus somehow known to us: 
such is the amplitude of the sphere whereon the centre of the Earth and the 
little sphere of the moon revolve—or its semidiameter, the distance of the Earth 
from the sun. This distance, like a measuring rod, is suitable for the business. 
For the Earth is our home; and from it we measure the distances of the heavens; 
and it occupies the middle position among the planets and for many reasons— 
on which below—it obtains the proportionality of a beginning among them. 
[455] But the sun, by the evidence and judgment of our sight, is the principal 
planet. But by the vote of reason cast above, the sun is the heart of the region 
of moving planets proposed for measurement. And so our measuring rod has 
two very signal termini, the Earth and the sun. 


How great therefore are the intervals between the single spheres? 


The Copernican demonstrations show that the distance of Saturn is a little 
less than ten times the Earth’s from the sun; that of Jupiter, five times; that 
of Mars, one and one-half times; that of Venus, three-quarters; and that of 
Mercury, approximately one-third. 

And so the diameter of the sphere of Saturn is less than twice the length 
of its neighbour Jupiter’s; the diameter of Jupiter is three times that of the 
lower planet Mars; the diameter of Mars is one and one-half times that of the 
terrestrial sphere placed around the sun; the diameter of the Earth’s sphere 
is more than one and one-third that of Venus; and that of Venus is approxi- 
mately five-thirds or eight-fifths that of Mercury. However, it should be noted 
that the ratios of the distances are different in other parts of the orbits, es- 
pecially in the case of Mars and Mercury. 


What is the cause of the planetary intervals upon which the times of the periods 
follow? 


The archetypal cause of the intervals is the same as that of the number of 
the primary planets, being six. 


I implore you, you do not hope to be able to give the reasons for the number of the 
planets, do you? 

This worry has been resolved, with the help of God, not badly. Geometrical 
reasons are co-eternal with God—and in them there is first the difference 
between the curved and the straight line. Above (in Book 1) it was said that 
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the curved somehow bears a likeness to God; the straight line represents 
creatures. And first in the adornment of the world, the farthest region of the 
fixed stars has been made spherical, in that geometrical likeness of God, 
because as a corporeal God—worshipped by the gentiles under the name of 
Jupiter—it had to contain all the remaining things in itself. Accordingly, 
rectilinear [456] magnitudes pertained to the inmost contents of the farthest 
sphere; and the first and most beautiful magnitudes to the primary contents. 
But among rectilinear magnitudes the first, the most perfect, the most beauti- 
ful, and most simple are those which are called the five regular solids. [457] 
More than 2,000 years ago Pythagoreans said that these five were the figures 
of the world, as they believed that the four elements and the heavens—the 
fifth essence—were conformed to the archetype for these five figures. 

But the truer reason for these figures including one another mutually is in 
order that these five figures may conform to the intervals of the spheres. There- 
fore, if there are five spherical intervals, it is necessary that there be six spheres: 
just as with four linear intervals, there must necessarily be five digits. 


What are these five regular figures? 
The cube, tetrahedron, dodecahedron, icosahedron, and octahedron. 


How are these figures divided, and into what classes? 
The cube, tetrahedron, and dodecahedron are primary; the octahedron and 
the icosahedron are secondary. 


Why do you make the former primary and the latter secondary? 

The three former figures have a prior origin, 
and the most simple angle (2.e., trilinear), and 
their own proper planes. The two latter have 
their origin in the primary figures, and a more 
composite angle made from many lines, and 
borrowed planes. 


What is the order of the primary figures? 


They are said to be primary merely with re- 
spect to the secondary; but even among them- 
selves they have this order of priority: cube, 
tetrahedron, dodecahedron. For in those fig- 
gures there appears the first of all metaphysical 
oppositions, that between the same and the 
other, or the different. Sameness is seen in the 
cube, and difference in the remaining two fig- 
ures; and between these figures there is also 
the first geometrical contrariety, namely, the 
contrariety between the greater-than and less- 
than. For the cube is [458] the thing itself 
[res ipsa], the tetrahedron is less than the cube, 
and the dodecahedron is greater than the 
cube; or, the cube is the first solid figure gener- 
ated, the tetrahedron is the first of the solid figures cut out of the cube, and the 
dodecahedron is the first of the composite figures made by adding to, and cover- 


a. 


EPITOME OF COPERNICAN ASTRONOMY, IV 865 


ing over, the cube. This same idea is dominant in their planes: the tetragon, the 
triangle, and the pentagon. For the tetragon is generated first of all by drawing 
the most simple and regular lines, as was said in Book 1; and it is broken up into 
two triangles; but the pentagon is composed of three suitable triangles. 


Explain the generation, primacy, and form of the cube. 


Rectilinear magnitudes have an origin visible to the mind; the spherical, as 
was said above, brings a certain character of eternity or of eternal generation. 
For with a sphere postulated, the point at its centre is postulated, and so are the 
infinite points on its surface. Therefore, line arises from the flowing of point to 
point; surface arises from the sideways flowing of the line; and body, from the 
sideways flowing of the surface. If the flowing of the point is straight and also 
the shortest, there arises a straight line bounded by two points. If the flowing 
of the straight line is such that all its points flow equally, a parallelogram arises 
bounded by four lines; and if the parallelogram flows in the same way, the paral- 
lelepiped arises, bounded by six planes. Again, if the flowing of the line is equal 
to the flowing straight line, and the line along which the flowing takes place 
makes any angle with the flowing line except a right angle, there arises the plane 
called the rhomboid, whose sides are equal. But if the line makes a right angle, 
it is a square which arises. And if the square also flows, there arises the cube, 
the six planes of which are all squares and are thus equal to one another. Now 
the shortest is prior to the crooked; and the equal and similar is prior to the un- 
equal and dissimilar, and the straight, or right, to the olbique. Therefore, in this 
way among the lines generated, the straight line is prior—for the circle is pos- 
terior to the plane, and the plane to the straight line; and among surfaces the 
square is prior. Thus among magnitudes, that which exists perfectly [459] (7.e., 
with three dimensions), that is to say, the cube, is shown to be first among 
bodies. 


Explain the primacy of the tetrahedron among the segments, and the mode of section 
of the cube, and its form. 


By subtracting from the bodies, so that something lesser exists, the other solid 
figures usually come to be. We 
must judge that the first of them 
is the solid figure which exists if 
the first figure generated (viz., 
the cube) is cut most simply and 
most equally. But the section— 
among the sections which desig- 
nate a new plane figure—is not 
equal or more simple than when 
you cut through four angles of 
the cube completely. For you 
are cutting out the same number 
of equilateral tetrahedrons—and the single tetrahedrons A, C, and D have a 
solid right angle B above the triangular base. There remains as it were the 
bowels of the cube, namely, the fifth tetrahedron, similar to itself in all respects, 
and bounded by four equilateral triangles. But if you make the section of the 
cube of which I have spoken in Book 1, there will not be five but six irregular 
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tetrahedrons. So the tetrahedron is the first figure coming from the decreasing 
of the bodies. But it is a third part of the body of the cube cut, and any angle 
cut away, such as BACD, is the sixth part of the same whole. 


[460] Explain the origin of the dodecahedron by addition, and give the reasons for 
ats postertority among the three primary bodies, and its priority among the bodies 


generated by addition. 


As in subtracting from the cube, four planes are constructed in place of the 


four angles of the cube which have been cut off; 
four angles remain to the tetrahedron, but the an- 
gles are decreased and are still of the same spe- 
les (z.e., trilinear), sotoo, if we wish to construct 
the first of the increased bodies, or of those which 
are greater than the cube, in place of the planes of 
the cube we construct angles, but we transmit 
the angles of the cube as clothed and increased, 
though they also remain trilinear; or, what leads to 
the same thing, upon the twelve sides of the cube 
the same numbers of planes are to be built, just as, 
in the former case, upon the six sides of the tetrahe- 
dron the same number of squares were built. For 
as the cube roofs over the tetrahedron, so this in- 
creased solid figure which we are investigating roofs 
over the cube. 

[461] But if instead of the single planes of the cube 
we set up single angles—if we set up six quadrili- 
near angles, because the six planes of the cube are 
quadrilaterals—the eight trilinear angles of the cube 
remain. Therefore the fig- 
ure would be mixed. 
Therefore in order that 
the trilinear angle may 
remain in the augmented 
figure, two angles are to 
be constructed upon the 


twenty. 
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Here AE, ED, and the re- 
maining dotted lines are the 
sides of the roofed-over cube. 
AED 1s the plane of the cube; 
and the two angles B and C 
come to be instead of it; and 
A and E the angles of the cube 
remain. But upon the side of 
the cube AE, the pentagon 
ABCE is constructed, as up- 
on the side ED, the pentagon 
ECD. 


single planes of the cube—and not one angle alone; 
that is to say, six prisms, such as the former one 
BCAED, not six pyramids, such as the one here, 
BADC. And in order that there may always be one 
plane common to two contiguous prisms, let this 
plane be constructed across one side of the cube. And 
these six prisms are slightly less than the cube upon 
which they are placed. And so by the augmentation 
twelve angles are made—and by the addition of the 
eight angles of the cube, the sum of the angles is 


How do you infer the form of the plane of the dodecahedron? 


The angles of the figure, as was said already, should be twenty; and each 
single angle is bounded by three lines, any one of which adjoins two angles; and 
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so there are twenty times three or sixty points. But two points determine one 
line. Therefore there are thirty lines or sides to the figure, and there are poten- 
tially sixty with respect to the planes of the figure. For any [462] side of the 
figure adjoins two planes. But the division of the sixty lines or plane sides by 
the twelve planes—which are necessary for this solid figure—gives a quotient 
of five. Therefore the planes are quinquelateral. So among the augmented fig- 
ures the dodecahedron, having pentagonal planes, is again first. 


What is the origin of the secondary figures and why are there only two? 


Three other figures correspond to the cube, the tetrahedron, and the dode- 
cahedron; but one of them coincides with its primary figure. And these second—- 
ary figures are generated by subtracting from the three primary figures, but by 
subtraction of a different kind, where a line is not left in the place of the plane, 
but an angle, z.e., in the place of the surface of the primary figure, there is—not 
a line of the secondary figure, but—a point; while the number of lines remains. 
But at the same time—as before—a plane of the secondary figure is generated 
in place of the angle of the primary figure. And the plane is triangular, because 
the angle of the primary figure is trilinear, and by joining together the centres 
of three planes of the primary figure a solid angle is constructed. So these figures 
are generated secondly as if the bowels of the first figures. 

For whatever appears outwardly falls away from the cube, and there remain 
of the cube only six centres, as it were the navels of six planes. And there are six 
angles to the new figure. And [463] because the cube has eight angles, the figure 
gets eight plane equilateral triangles in their place. Hence it is called an octa- 
hedron; and it is the sixth part of its cube. 

As regards the tetrahedron: in place of its plane tri- 
angles four angles are constructed; and in place of its 
four angles four triangles are constructed; and a figure 
arises which is the same as its primary figure. And so it 
is not judged to be new. However, it is the twenty-sev- 
enth part of the tetrahedron in which it is inscribed. 

As regards the dodecahedron: [464] in place of the 
twelve bases it gives the twelve angles of the new figure; 
and in place of its twenty angles it gives twenty triangular 
bases: whence the figure is called an icosahedron. And it is 
slightly less than half the size of its original dodecahedron. 


One of the primary figures was produced by subtracting from 
the cube; and one by adding to the cube. And now the second- 
ary figures are generated by subtracting from these two pri- 
mary figures. Is nothing produced by adding to the secondary 
figures? 


To this second subtraction there also corresponds a sec- 
ond addition to those three primary figures—an angle 
arising in place of the plane, and a plane in place of the 
angle. But the figures are the same as those produced by former subtraction. 
For just as formerly the octahedron was inscribed in the cube, and the icosa- 
hedron in the dodecahedron: so now in turn the cube is made to be inscribed in 
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the octahedron, and the dodecahedron in 
the icosahedron. Accordingly, when all these 
operations have been performed, the first 
five figures are found. 


Why do you call them the most simple figures? 


Because each of them is bounded by planes 
of one species alone, v7z., triangles or quadri- 
laterals or pentagons, and by solid angles of 
one species alone—the three primary figures 
by the trilinear angle, the octahedron by the 
quadrilinear angle, and the icosahedron by 
the quinquelinear angle. The other figures 
vary [465] either with respect to the angle or 
with respect to the plane. For there are some which have one genus of planes, 
as the rhombus in this diagram, but no one genus of solid angles. For the 
dodecahedral rhombus has six quadrilinear angles and [467] eight trilinear angles; 
and the thirty-sided rhombus has twelve quinquelinear angles and twenty tri- 
linear angles. There are other figures which mingle diverse planes having uni- 
form solid angles, as the thirteen species of the Archimedean solids. 


Why do you call those five figures the most beautiful and the most perfect? 


Because they imitate the sphere—which is an image of God—as much as a 
rectilinear figure possibly can, arranging all their angles in the same sphere. And 
they can all be inscribed in a sphere. And as the sphere is everywhere similar to 
itself, so in this case the planes of any one figure are all similar to one another, 
and can be inscribed in one and the same circle; and the angles are equal. 


Is there not some other method by which more figures similar to these can be con- 
structed? 


None at all. For a solid angle of any figure is constructed from at least three 
planes. Accordingly, equilateral triangles can join with triangles, quadrilaterals, 
and pentagons in order to form a solid angle; quadrilaterals, with triangles; and 
pentagons, similarly with triangles. But six triangles, or three hexagons, com- 
plete a surface, and cannot form a solid angle. But magnitudes larger than these, 
as three heptagons, or three of any other figure, exceed the sum of four right 
angles which are laid around the same point in a plane. See the scholium to the 
last proposition in Book x11 of Euclid and Book u of my Harmonies. 


Then how are the number of the primary spheres and the intervals of the planetary 
orbits taken from these figures? : 


Any solid figure is understood to have two spheres, one circumscribed around 
it and the other touching the centres of its planes; whence the first view of the 
solid figure [468] as it were invites some architect to circumscribe and to inscribe 
spheres. So whatever the ratio of the outer sphere to the inner sphere is, that 
has been made to be the ratio of the sphere of the upper planet to the nearest 
lower sphere, between which spheres there is the aforesaid interval. 
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What are the ratios of the spheres in the single figures? 


Let the semidiameter of the circumscribed sphere be 100,000. The ratio of the 

semidiameter of the inscribed sphere is as follows: 

In the cube 57,735 The square is equal to one-third of the square on the 
radius of the circumscribed sphere. 

In the tetrahedron 33,333 One-third of the radius of the circumscribed sphere. 

In the dodecahedron 79,465 An irrational part, the square on which is between 

In the icosahedron 79,465 two-thirds and three-fifths of the square on the radius 
of the circumscribed sphere: namely, by the subtrac- 
tion of the square on the apotome from eleven- 
fifteenths of the square on the radius. 

In the octahedron 57,735 The square is equal to one-third of the square on the 
radius of the circumscribed sphere. 


But the octahedron has at the middle section of itself a square formed by the 
four lines bounding it in the middle, and if a circle is inscribed in this square, its 
radius will be 70,711, the square on which is equal to half the square on the 
radius of the circumscribed circle. 


Show now what the place of the sphere of the Earth 1s among these figures. 

The five bodies were distributed into two classes above: into those generated 
first, and those generated second. The former had a trilinear angle, and the 
latter a plurilinear. For as Adam was the first-born, and Eve was not his 
daughter but a part of him—and they are both called the first-made, [469] but 
Cain and Abel and their sisters are their offspring; so the cube is in the first 
place, wherefrom have arisen, differently and more simply, the tetrahedron— 
as it were a rib of the cube—and the dodecahedron, but in such a way that all 
three remain among the primary figures. The octahedron and the icosahedron, 
with their triangular planes, are as it were the offspring born of the cube and 
dodecahedron as fathers and from the tetrahedron as mother; and each of them 
bears a likeness to its parent. 

So the three first figures of the same class had to enclose the circuit of the 
centre of the Earth and the two figures generated second, as the other class, 
should be enclosed by the sphere in which the Earth revolves, and so this sphere 
had to be made a boundary common to both orders, because the Earth, the 
home of the image of God, was going to be chief among the moving globes. For 
in this way the nature of being inscribed is kept in the second class and that of 
circumscribirg in the first class. For it is more natural and more fitting that the 
octahedron should be inscribed in the cube, and the icosahedron in the dode- 
cahedron, than the cube in the octahedron, and the dodecahedron in the icosa- 
hedron. 

And so in this way the circuit of the centre of the Earth was placed in the 
middle between the planets; for three planets had to be placed outside, on ac- 
count of the three primary figures; and two had to be placed inside its circuit— 
on account of the two figures of the second class—to which the sun is added as 
a third in the inmost embrace of the centre of the mobile spheres. And so Saturn, 
Jupiter, and Mars were made the higher planets, and Venus, Mercury, and the 
sun, the lower. But the moon, which has a private movement around the Earth 
during the same common circuit of the Earth, is among the secondary planets, 
as was said above. 
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What is the order among the three outer figures and what place among the planets 
does each hold? 

The cube is the first of the figures, and therefore it was placed between the 
two farthest spheres, those of Saturn and Jupiter. In the generation of the fig- 
ures the tetrahedron follows: therefore, it got [470] the place between Jupiter 
and Mars. The dodecahedron was the last of the three: therefore, the last place 
was assigned to it between the orbital regions of Mars and of the Earth. 


How do you place the two inner figures? 


Although the octahedron has the nature of the cube, of which it is the first 
parts, and the icosahedron that of the dodecahedron, of which it is the last 
parts; nevertheless the next place after the dodecahedron did not belong to the 
octahedron, for two reasons. For, first, the two classes of figures are somehow 
opposed to one another: therefore it was fitting that the beginning of the placing 
should be at the opposite termini. But since the first place of the outer figures 
was judged to be the place which tended the more outward; consequently the 
first place of the inner figures was judged to be the place which tended the more 
to the interior towards the centre. Secondly, it was more becoming to the nature 
of the similar figures; the dodecahedron and the icosahedron, and better suited 
to their being inscribed within one another, that they should succeed one 
another very closely, with the circuit or sphere of the Earth coming in between, 
at which as at a common boundary both classes of figures stop. 

Therefore it was caused that the icosahedron should be placed between the 
orbits of the Earth and of Venus, but the octahedron between the inmost orbits, 
those of Venus and Mercury. But the sun does not have a sphere in which its 
centre is carried around; and therefore it is outside the number of the primary 
moving bodies, but it has in itself the source of the movement outside, the fixed 
stars have stillness in themselves, and they furnish a place for the moving bodies 
and contain them. 


Is there found between these spheres which you have given to each figure the ratio 
of the figures? 


There is found so much the same ratio that, although there is some very 
small deficiency, nevertheless no interval between two planets approaches 
nearer to the ratios of the spheres of another figure [471] than those intervals 
which have been ascribed with the best of reasons to the two planets. 

For you see that as Saturn’s sphere had less than twice the diameter of the 
sphere of Jupiter, and Venus’ similarly had less than twice the diameter of 
Mercury’s, namely, five-thirds or eight-fifths; so also in the cube and in the 
octahedron 100,000 is less than twice 57,775. For if you take three-fifths of 
100,000 you will have 60,000; but if you take five-eighths, then 62,500 will 
be the result. Again, as the sphere of Mars had a very small ratio to the sphere 
which carries the centre of the Earth, and one nearly equal to the ratio of the 
sphere of the Earth to that of Venus; so too you will see between the spheres 
of the dodecahedron and of the icosahedron a very small ratio, namely, that 
of 100,000 to 79,465. You see, thirdly, that, just as the sphere of Jupiter has a 
very great ratio to the sphere of Mars, namely triple; so too, in the case of the 
tetrahedron the diameter of the circumscribed sphere is three times the diameter 
of the inscribed sphere. 
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If the intervals approach so nearly to the ratios of the figures, why then does some 
discrepancy remain? 

1. Because the archetype of the movable world is constituted not only 
of the five regular [solid] figures—by which the chariots of the planets and the 
number of the courses were determined—but also of the harmonic proportions 
with which the courses themselves were attuned, as it were, to the idea of 
celestial music or of a harmonic concord of six voices. Now since this musical 
ornamentation demanded a difference of movement in any given planet—a 
difference between the slowest and the fastest movement; and this difference 
is made by the variation of the interval between the planet and the sun; and 
since the magnitude or ratio of this variation was required to be different in 
different planets; hence it was necessary that some very small amount should 
be taken away from the intervals which are exhibited by the figures as uniform 
and without variation, and that it should be left to the freedom of the com- 
poser to represent the harmonies of movement. 

[472] 2. And nevertheless that which the regular solids have of their very 
own was not neglected in this very small discrepancy. For just as the ratio 
of the spheres of the tetrahedron is perfect, 7.e., rational simply, that of the 
cube and the octahedron, half-perfect, 7.e., rational in square but irrational 
in length, but that of the dodecahedron and of the icosahedron are wholly 
imperfect, z.e., absolutely irrational; so also the ratio of the tetrahedral planets 
imitates the figure almost exactly, 7.e., in approximately the extremities of 
the intervals. But the ratios of the cubic and octahedral planets are less exactly 
like the figures, because the extreme intervals recede from the figures while 
the intermediate intervals square with them. But the whole intervals of the 
dodecahedral and icosahedral planets abandon the ratios of their figures, 
although they approach no others more nearly. Now see how the longest in- 
terval of Mars is almost exactly a third part of the least interval of Jupiter, 
as in the tetrahedron the [diameter of the] inside sphere is one-third [of the 
diameter] of the outer sphere: so that in this way if the angles of the tetra- 
hedron are placed in the inmost sphere of Jupiter, the tetrahedral planes 
somehow touch the farthest sphere of Mars. See again how if the angles of the 
cube are placed in the sphere of Saturn and the angles of the octahedron in 
the inmost sphere of Venus, the planes of the figures sink into the regions 
[7.e., spheres] of Jupiter and Mercury, and do not pass above the total regions 
but enter in approximately as far as the middle. Finally, see how, if the angles 
of the dodecahedron are placed in the inmost sphere of Mars and the angles 
of the icosahedron in the inmost sphere of the Earth, the planes of the figures 
by no means reach to the inscribed regions of the Earth and of Venus, but that 
nevertheless no planetary intervals approach more nearly to the least ratios 
of these figures. Concerning these things, see my Harmonies (Book v, Proposi- 
tion XLIx and passim), where the causes not only of the exact magnitude of 
the ratios between two spheres but also of the opposite intervals of any single 
planet are dug up. 


[473] No other conclusion concerning the interposition of the figures can be oo nar 
from the periodic times, can it? 


All ratios of time in this case are greater than the ratios of their orbits and 
also greater than the ratios of their figures, as will be unfolded in the second 
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part of this book. Nevertheless the property of the figures can be recognized 
without difficulty even among the time ratios. For as there are three ratios 
among the figures—the greatest ratio which is alone, and the middle and the 
least, which are both found in two cases—the greatest ratio is found in the 
tetrahedron alone, the middle ratio in the cube and the octahedron, and the 
least ratio in the dodecahedron and the icosahedron; so the greatest and the 
solitary ratio of times is found between Jupiter and Mars, approximately 
that of 6 to 1, nearly 12 years to less than 2 years, an argument for the inter- 
position of the tetrahedron. But between Saturn and Jupiter and between 
Venus and Mercury the ratio of times is less and in both cases approximately 
the same, an argument for the interposition of the cognate bodies, in the 
first case the cube and in the second case the octahedron, which have ap- 
proximately the same ratios between their spheres. For as the 30 years of Saturn 
are to the 12 years of Jupiter, so approximately are the 225 days of Venus 
to the 88 days of Mercury. And finally there is the least ratio of times between 
Mars and the Earth and between the Earth and Venus, and again it is prac- 
tically the same in both cases, an argument for the interposition, in the first 
case of the dodecahedron, and in the second case of the icosahedron, which 
are bodies cognate and having the same ratio. For as the 687 days of Mars 
are to the 36514 days of the Earth, so the 36514 days are to 194 days, since 
instead of these Venus has 225 days, a little more, and makes the least time 
ratio of all. The causes of such a small discrepancy are unfolded in my Har- 
monies (Book v). 


You do not have any other evidence, do you, except that from the two classes of 
figures that the globe [474] of the Earth has the principal proportionality in lo- 
cation? 


Indeed it is not by chance that the mean interval between the Earth, the 
middle planet, and the sun is found to be almost exactly a mean proportional 
between the shortest interval of Mars, the lowest of the higher planets, and 
the longest interval of Venus, the highest of the lower planets. For, as was 
said above, the space between Mars and Venus was left for the Earth—left 
undetermined by the inscribing of figures and open and free, so that in dividing 
it by the sphere of the Earth, either this ratio or some other, if the other were 
better, could be expressed. Therefore the mean in the classes of the figures, 
and the middle wall between the higher and the lower planets had to be a 
mean geometrically too. 


Then what determined this interval which the inscribings did not determine? 


Even if there is a certain augmented figure, the aculeate or wedge-shaped 
dodecahedron, which is taken as determining this interval as accurately as the 
interval between Jupiter and Mars is determined by the tetrahedron, and the 
relationship of that imperfect figure with its cognates, the dodecahedron and the 
icosahedron, is seen not to lack its proper ratio; nevertheless the figures alone 
do not determine these intervals or any others exactly, but this job was left to 
the ornament of harmonic movements, which demands a certain amount of 
freedom in determining these intervals exactly. 
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4. On THE RaTIOS OF THE PRINCIPAL BODIES OF THE WORLD 
TO ONE ANOTHER 
Where do you judge that the beginning should be made in investigating the ratios 
of bodies? 

From the Earth (1) as the home of the speculative creature, [475] and (2) 
of the same image of God the Creator; (3) for we read in the holy Book of Moses 
chat in the beginning God created the Heaven and the Earth; (4) moreover, the 
sphere of the Earth is the middle figure between the planets, and their common 
youndary and even a geometrical mean proportional between the territories of 
che higher and the lower planets; (5) finally, the very structure of these ratios 
sries in a loud voice that God the Creator in fitting the bodies and intervals to 
che solar body, as to a measure prior to their generation, made His beginning 
at the Earth. 


What do you judge to be the reason for the magnitude of the solar body? 

The following things argue that the solar globe is the first of all the bodies of 
the world in the order of creation, at least in the archetypal order; if not also in 
the temporal: (1) Moses makes light the work of the first day, and instead of 
ight we can understand the solar body. (2) Above by many votes, the solar 
oody obtained the principate among natural things; why not also in quantity 
and in time, in which it was created? 

Furthermore, the first body, because first, does not acquire any ratio to the 
bodies following; but rather the bodies following acquire a 
ratio to it as first. Wherefore there is no archetypal cause 
of the magnitude of the sun: nor could there have been a 
different globe twice as great as it is now, because the rest 
of the universe and the whole world and man in it would 
have had to be twice as great as they now are. 


Then by what means was the magnitude of the Earth adjusted 
to the solar globe? 

By means of vision of the sun. For the Earth was going to 
be the home of the speculative creature, and for his sake 
the universe and world have been made. But now specu- 
lation has its origin in the vision of the stars: [476] where- 
fore too the magnitude of the things to be contemplated 
had to have its origin in the magnitude of the things to be 
seen. But the first visible is light or the sun, as it is (1) the 
work of the first day and (2) the most excellent of all visible 
things, the principal, the primary, and that which was 
going to be the cause of the visibility of all the rest. So it 
follows that the beginning [principium] in proportioning 
the bodies of the world was taken from the vision of the 
sun from the Earth; just as in the case of the upper planets the regions of the 
world were separated by the mean proportionality of the orbit of the Earth. 


How great does the diameter of the sun appear to be on the Earth? 


It is established by the very old observations of Aristarchus and by the most 
recent of our time, that, if the Earth is at its greatest distance from the sun, and 
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with the point of vision E as centre a circle is described, then exactly one-seven- 
hundred-twentieth of that circle, z.e., 4°, is occupied and so to speak defined 
by the diameter of the sun; or, what is the same thing, the angle #, compre- 
hended by the lines touching each rim of S the sun, is one-seven-hundred 
twentieth of four right angles. 


What do you think is the reason for this number? 


We must seek the archetypal cause of the first thing among the first causes. 
But there is no geometrical cause for the division of a circle into 720 parts [477] 
in a figure lacking that number of sides. For this figure is derived by bisection 
from a figure having 45 sides; and there is no [geometrical] demonstration of 
that figure, as is proved in the Harmonies, Book 1. It follows that this sectioning 
of the circle is taken from the composition of figures and so from harmonic 
ratios. And it seems to bring about the necessity that the circle of the zodiac, 
wherein all the planets had to practise their harmonic movements in reality and 
the sun in appearance—that this circle, I say, should be divided into parts of a 
harmonic numbering by the appearance of the first body. But the least number 
which offers itself in determining all the parts of the monochord and in setting 
up the twofold scale of the octave [systema diapason duplex], 1.e., in the minor 
and the major mode—I say that this number is 720, as was shown in the Har- 
monies, Book 111, Chapter 61. 

Wherefore, since the movements of all the planets, as I show in Book v of the 
Harmonies, had to be adjusted to this twofold scale; it was fitting that the first 
body, which was the leader of the dance to this music, by its apparent diameter 
on the Earth, should, in the eyes of the Earth-dweller—.e., the speculative crea- 
ture—divide that circle as an index and measure of the apparent harmonic 
movements, by the division of the monochord, 7.e., by the division into 720 
parts, which is twice 360, thrice 240, four times 180, five times 124, six times 120, 
eight times 90, nine times 80, ten times 72, twelve times 60, fifteen times 48, six- 
teen times 45, eighteen times 40, twenty times 36, twenty-four times 30, by a 
multiplex form of division into aliquot parts. 


Then what follows in respect to the interval between the sun and the Earth from the 
assumption of this hypothesis? or, what is the magnitude of this rod used by us here- 
tofore as a measure of the planetary spheres? 


If S the diameter of the sun had to occupy 14° with the point of vision £ set 
up on the Earth; it is necessary that the point of vision, or [478] in place of it & 
the centre of the terrestrial globe, should be distant from the centre of the sun S 


1In Kepler’s musical system, if the intervals in the octave are represented by assigning 
whole numbers to the eight tones in such fashion that the ratio between any two numbers 
will express the analogous musical interval, then the minor scale will be represented by the 
following sequence, in least numbers: 

72:81:90 : 96 : 108 : 120 : 128 : 144 
Similarly, the major scale, as follows: 
360 : 405 : 432 : 480 : 540 : 576 : 640 : 720 
Now if the two scales are combined, ‘the twofold scale of the octave, 7.e., in the minor and the 
major mode” thus produced will be represented by the following sequence, in least whole 
numbers: 
360 : 405 : 432 : 450 : 480 : 540 : 576 : 600 : 640 : 720 
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0 the extent of a little more than 229 semidiameters of the round body of the 
sun S, as we are taught in geometry. 


. have the interval; tell me also the magnitude of the terrestrial globe and give 
‘easons. 


These things are not yet sufficient to determine the magnitude of the Earth; 
ut it is the work of one axiom added to another. Without doubt, because the 
tarth was going to be the home of the measuring creature; and the Earth by its 
,0dy had to become the measure of the bodies of the world, and by its semi- 
liameter the measure of the intervals, as the line is the measure of lines. But 
since the measuring of bodies is different from the measuring of lines, and since 
she ratio between the terrestrial body and the solar body is first, as is the ratio 
yetween the diameter of the Earth and the interval between the Earth and the 
sun; nothing is more in agreement with a right and fitting and ordered propor- 
jioning than that the equality of both ratios should be postulated—so that as 
nany times as the terrestrial body E is contained in the solar body S, so many 
imes also is the semidiameter of the Earth # contained in SE, the interval be- 
ween the centres of the sun and the Earth; so that in this way, as the terrestrial 
y0dy E is to the solar body S, so the semidiameter of the Earth E is to SE, the 
listance between the centres. 


Tow is the magnitude of the semidiameter of the Earth got from these two axioms? 


Let the semidiameter of the sun S be put down as 100,000 parts, so that the 
nterval SH between the centres of the sun and the Earth will be 22,918,166 
such parts. The cube of 100,000, z.e., 1,000,000,000,000,000 is to be divided by 
he interval 22,918,166; and the [square] root of the quotient—which is the con- 
inued sine 0°15’0” is to be taken, and it will be 6,606. That will be the magni- 
ude [479] of the semidiameter of the Earth. For as 6,606—the semidiameter of 
she Earth—is contained 3,46914 times in 22, 918,166—the interval between the 
sun and the Earth—so too the cube of 6,606—the semidiameter of the Earth— 
s contained the same number of times, 7.e., 3,46914 in the cube of 100,000, the 
semidiameter of the sun. But it is known from geometry that the ratio of cubes 
0 one another is the same as the ratio of the globes inscribed in the same cubes. 
So the semidiameter of the sun S will contain the semidiameter of the Earth # 
y little more than fifteen times; but the body of the sun S will contain the body 
of the Earth # approximately 3,469 times. 


You say that its magnitude 1s approximately three times what the ancients assigned 
o the longest distance of the sun from the Earth, for they set a lesser distance, only 
1200 t2mes the semidiameter of the Earth: and you say twenty times the [former] 
‘atio of bodies, because they made the sun only 166 times greater than the Earth: do 
rot you respect their astronomical observations? 


Not at all. For the ancients made the sun as near as a parallax of 3’ should have 
nade it to be. Whence Tycho Brahe reasoned that when Mars is nearer to the 
Marth than the sun is, Mars should be observed to have a parallax much greater 
shan 3’. But I have observed that the parallax of Mars is not at all perceptible 
o sense. Therefore the distance of Mars, even when most near, is greater than 
1200 semidiameters; and the distance of the sun is greater too. 

[480] The diameters of Mars and Venus can be observed through the ancient 
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instruments and through the Belgian telescope of modern times; and they are 
found to be of a very few minutes. Therefore, if the sun is as near as the ancients 
say it is; then these planets—each in its own ratio—will become as near as 
Tycho Brahe said, out of Copernicus. If Mars is so near; it will be even smaller 
in its visible diameter. Therefore Mars will be smaller than the Earth, namely, 
the higher planet will be smaller than the lower; so that there will be no propor- 
tion [analogia] between the magnitude of the bodies and their order—and that 
is not in agreement with the adornment of the world. 

The greater the distance of the sun is set down to be, the smaller the parallax 
of the sun becomes. And the smaller the parallax of the sun, the greater the 
parallax of the moon from the sun; if the simple parallax of the moon is taken 
from its own principles, and that is of great service in correcting the doctrine of 
eclipses. Therefore such a great magnitude for the interval of the sun is con- 
firmed rather than refuted by astronomical observations. 

And it accords with the prayer of physics that the solar body, which gives 
movement to all the other planets, should be much greater than all the mobile 
bodies fused together into one. 


The determination of what body follows most closely upon the determination of the 
Earth? 


Of the moon, a secondary planet: (1) because this star has been assigned to 
the Earth as its private property, so that the moon might help with the growth 
of earthly creatures and be observed by the speculative creature on the Earth, 
and that the observation of the stars might begin with it. (2) Because the rea- 
sons for the ratio to be established are practically the same. 


Tell the foundations of the ratio between the moon and the 
Earth, by reason of the body and by reason of the interval. 


1. Again, the visible diameter of the moon at its great- 
est distance from the Earth had to occupy 499 of the cir- 
cle, both on account of the number itself, as before, and 
also on account of the eclipses of the sun, a spectacle or- 
dained by the Creator in order that the speculative crea- 
ture should thereby be taught concerning the rationale of 
the course of the stars. And teaching would be done most 
rightly if the semidiameters of the sun and moon were to 
appear equal at the greatest distance of each: so that in 
this way the moon could cover the sun exactly, during 
this relationship of both stars, if it occurred. And so Mf 
the moon and S the sun make the same angle at E the 
Earth. 

2. Moreover, it was fitting that the ratio between the 
terrestrial body and the lunar body should be to the ratio 
between the distance of the moon and the semidiameter 
of the Earth as in the former case the ratio between the 
solar body and the terrestrial body was to the ratio be- 
tween the solar interval and the semidiameter of the Earth: namely, the 
proportion holding between the pair of ratios should in both cases be the 
same. For the moon, a secondary and terrestrial planet, made in order to 
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bscure the sun, should have followed the example of the ratios of the sphere 
f the sun or the Earth. 


Vhat follows from this? 


Two things follow from postulating the two axioms. And either one of these 
wo things by itself, by a wonderful concord of probabilities, even if it did 
ot follow from the foregoing, [482] could be employed in place of an axiom, 
ince they are very worthy of belief by themselves. The first is as follows: 
hat since the proportion of ratios on the part of the sun is one of equality, 
e., aS many times as the body of the Earth E is contained in the greater body 
f the sun S, so many times is the semidiameter of the Earth # contained in 
‘E the distance or semidiameter of the sphere of the Earth or sun. But that 
roportion is not more probable than the following: that the body of the Earth 
; will contain the lunar body M, which is narrower and smaller, as many 
imes as the semidiameter of the Earth E is contained in the distance or semi- 
iameter of the lunar orbit EM, and the former proportion is no more probable 
han this latter. This very proportion, employed as an axiom, has its own 
ignity; hence, because the Earth is the home of the measuring creature, 
herefore the Earth by its own body measures even the smaller lunar body, 
ust as previously it measured the solar body which is greater than it: and by 
8 semidiameter it measures the semidiameter of the lunar sphere. But both 
roportions are in the ratio of equality, because M the lunar sphere is alone 
Jaced around E the Earth, just as the Earth’s sphere is placed around the 
un; and so the measurement of the lunar sphere and the lunar body, prior 
o the other planetary bodies, is no less proper to the Earth than previously 
he measuring of the solar body and the solar sphere was. But in its own 
roper measuring, it is right for the ratio of equality to hold, as first and 
rincipal, if nothing prevents it. 

The second thing which follows from the premises by a long circle of demon- 
tration—see it in my Hipparchus—is as follows: that by this reasoning the 
emidiameter of the moon’s orbit or the distance EM is a mean proportional 
etween the distance ES, or semidiameter of the Earth’s sphere, and the semi- 
jameter of the terrestrial body: so that as the semidiameter of the Earth EF 
3 to EM the semidiameter of the moon’s sphere, so HM is to ES the semi- 
iameter of the Earth’s sphere or the sun’s. Here again there is an equality 
f both ratios which is itself probable, because what the Earth’s sphere placed 
round the sun is to the sun is what the moon’s sphere placed around the 
tarth is to the moon. 


483] Do observations agree with this interval between the moon and the Earth? 


Down to the last hair: for Brahe found that in its quadratures the distance 
f the perigeal moon from the Earth was slightly less than 54 semidiameters 
f the Earth; but the distance of the apogeal moon in the same quadratures 
; more than 59, slightly less than 60. And from these beginnings it is inferred 
hat the first distance is 54, the second 59. 


Low ws the magnitude of the semidiameter of the moon to be inferred from the 
xioms and conclusions employed as axioms, which have been posited? 

1. If the semidiameter of the moon M is set down as 100,000 parts, so that 
he interval HM between the centres of the moon and the Earth is 22,918,166 
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such parts: the cube of 100,000, z.e., 1,000,000,000,000,000, is to be multiplied 
by 22,918,166; and the fourth root of the product is to be taken: the fourth 
root will be 389,085, showing the magnitude of the semidiameter of the Earth 
in terms of the same parts. For just as 389,085 the semidiameter of the Earth 
is contained in 22,918,166, the distance to the moon, a little less than 59 times, 
so too the cube of 389,085 will contain the cube of 100,000 slightly less than 
59 times, and so the globe of the Earth will contain the globe of the moon 
slightly less than 59 times. Thus the semidiameter of the terrestrial body EF 
will contain the semidiameter of the lunar body J less than four times. 

2. Differently and more simply, from a later conclusion: the square root 
of 3,46914, viz., of the distance to the sun, is taken, and it is slightly less than 
59; and HM the distance of the moon is 59 whereof the semidiameter of the 
Earth is 1. But if 1 the semidiameter of the Earth is divided by 59, and the 
cube root of the quotient is taken, the result will be the semidiameter of the 
lunar body in terms of the same dimensions. 


Then what ts the ratio of the diameters of the sun and moon inferred to be? 


The same as the ratio of the solar sphere to the lunar sphere, or that of the 
[484] lunar [sphere] to the terrestrial body, viz., the ratio holding between 
slightly less than 59 to 1. And so the solar body contains the lunar body more 
than 200,000 times. 


What are the ratios of the planetary globes to one another? 


Nothing is more in concord with nature than that the order of magnitudes 
should be the same as the order of spheres, so that among the six primary 
planets, Mercury should have the least body, because it is inmost, and should 
obtain the most narrow sphere; that next to Mercury should be Venus, which is 
larger, but still smaller than the Earth, because moving around in a sphere 
narrower than the Earth’s but nevertheless wider than Mercury’s; that the 
larger globe of Mars should be next to the Earth, because its sphere is outside 
and more spacious, but the lowest of the higher spheres; then the larger globe 
of Jupiter, in the middle among the higher planets; and finally Saturn’s globe, 
the largest of the moving bodies, because it is the highest. 

Now since bodies have three dimensions, along the diameters, across the sur- 
faces, or in the space contained by the surfaces—or the corporeality—the ratio 
of the surfaces is the ratio of the squares of the diameters, and the ratio of the 
bodies is the ratio of the cubes of the diameters; it is consonant that one of the 
three ratios of the globes should have been made equal to the ratio of the inter- 
vals. For example, since Saturn is approximately 10 times farther away from the 
sun than the Earth, either the diameter of Saturn will be 10 times the diameter 
of the Earth, the surface 100 times the surface of the Earth and the body 1,000 
times the body of the Earth: or the surface of Saturn will be 10 times the sur- 
face of the Earth, so that the ratio of the bodies will become the ratio of the 
36 power of the intervals, and thus Saturn will be 30 times larger than the 
Earth, just as it is 30 times slower; while the ratio of the diameters will be mere- 
ly the ratio of the square roots of the intervals, viz., Saturn’s diameter will be a 
little more than thrice the Earth’s: or the bodies themselves have the ratio of 
the intervals, so that Saturn will be only ten times greater than the Earth, just 
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as it is ten times farther away [from the sun], while in the surfaces the ratio of 
the 34 power of the intervals will be kept, and in the diameters the ratio of the 
cube roots of the intervals. And so the diameter of Saturn’s body will be slightly 
greater than twice the diameter of the terrestrial body. 

Of these three modes, the first is refuted beyond controversy both by the 
archetypal reasons and also by the observations of the diameters made with 
the help of the Belgian telescope; up to now I have approved of the second mode, 
and Remus Quietanus of the third. On my side the better reasons, the archety- 
pal, seemed to stand; on Remus’ side the observations stand; but in sucha 
delicate question I was afraid that the observations were not certain enough 
not to be taken exception to. 

Nevertheless I yield the place to Remus and his observations. For Jupiter, 
opposite the sun and in the perigee of its eccentric circle, was frequently seen 
by me to occupy approximately 50”; Remus observes Saturn to occupy 30”; 
Mars, opposite the sun and its perigee in the Aquarius, appears greater than 
Jupiter, but not much greater. As a matter of fact, if a body equal to the Earth 
were seen at as great an interval as we assign to the sun, viz., 3,469 semidiameters 
of the earth, it would appear to have a diameter of 2’. But now at the perigeal 
distance of Mars, the same body which is equal to the Earth will be perceived to 
occupy more than 5’ and thus to be equal to six Jupiters. Therefore, the greater 
the diameter of the globe of Mars is than the diameter of the Earth, the larger 
will it be in appearance. Therefore, we ought not to make this diameter of the 
globe of Mars more than one-sixth greater than the diameter of the Earth, as 
takes place in the third mode. 

But this argument will make war perhaps not unsuccessfully with the help of 
the archetypal reasons: for just as previously we made the ratio of the bodies of 
the sun and Earth, and of the Earth and moon, the same as the ratio between 
the semidiameter of the Earth and the semidiameters of the spheres, so now 
the ratio of the planetary bodies is set down the same as the ratio between the 
semidiameters of the spheres. So Saturn in its bodily bulk will be slightly less 
than ten times greater than the Earth; Jupiter will be more than five times; 
Mars, one and one-half times; but Venus slightly less than three-quarters of the 
terrestrial body; and Mercury slightly greater than one-third of the same. 


[486] Just as the body of the Earth, so should not all the planetary bodies be attuned 
to the solar body by the same laws as the Earth? 


By no means. For if we were to follow this, the planetary bodies would be 
great in an order contrary to the order of the spheres, viz., Mercury would be 
greatest; and Saturn smallest with a diameter léss than one-third the diameter 
of the Earth. That, however, is repugnant both to the aforesaid reasons and to 
observations of their diameters. For Saturn opposite the sun, when it is nine 
times farther away from the sun than the Earth, occupies approximately 30”; 
therefore if it were near to the sun, it would occupy 414’, since the Earth at an 
interval of that size would occupy 2’. And so the diameter of Saturn is more 
than twice as great as the diameter of the Earth. 

And this is to say, as I said at the very beginning of this section, that it is 
very clear from the things themselves that the beginning of setting up the 
ratios must be made at the Earth. For observations of the moon and the eclipses 
bear witness to the equality of the two ratios, one of which is between the lunar 
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body and the terrestrial body, and the other between the semidiameter of the 
Earth and the lunar sphere: we can by no means resist the certitude of the ob- 
servations. Now it was very probable that the Earth too should be attuned to 
the sun by the same laws: and when we had set down that, we already had ob- 
servations agreeing with it distantly: because the observations do not bear out 
the sun’s having a nearness of 1,200 semidiameters of the Earth, but require 
twice or thrice that distance; and this attunement absolutely demands thrice 
that distance. Therefore the Earth is certainly the measure both of the solar and 
lunar bodies and of the solar and lunar spheres. But thus the body of Saturn or 
any other planetary body can by no means become the measure of both things: 
once more we bring forward as witnesses of this the certain observations of the 
diameters. Therefore the Earth alone is the real measure; but the nature of 
dimensions demands that the beginning of the conformation be taken from the 
measure. 


What should we hold concerning the rarity and density of these six globes? 


First, it is not consonant that all the planets should have the same density of 
matter. For where any multitude of bodies is necessary, there too a variety of 
conditions is required in order to make distinction, in order that they may be 
truly many. But the principal condition of bodies as bodies is the internal dis- 
position of the parts. For inequality of bulks somehow happens to the bodies 
themselves on account of the surfaces bounding the bulks, and the internal 
part of one body does not differ from the part of another body in this circum- 
scription of bulk. But the principal argument for the dissimilarity of matter is 
drawn from the consideration of the periodic times: for that consideration will 
not advance, if we make the globes have the same density, as we shall hear 
below. 

Second, it is consonant that whatever body is nearer to the sun is also 
denser. For the sun itself is the most dense of all bodies in the world, and its 
immense and manifold force, which could not exist without a proportionate 
subject, bears witness to this thing: and the very places which are near the 
centre wear a certain form [gerunt ideam] of narrowness, such as exists in the 
condensation of much matter into a narrow place. 

Third, nevertheless rarity should not be measured out in proportion to the 
greatness of the bodies, and density in proportion to the smallness. For ex- 
ample, by the above, both the distance and the amplitude of the globe of 
Saturn are to the distance and amplitude of the globe of Jupiter as 10 is to 5, 
approximately. I say that the density of matter of the globe of Saturn must 
not be put in the same ratio to the density of the globe of Jupiter as the ratio 
between 5 and 10. 

For, if anyone followed this, he would sin against another law of variety 
by introducing not an unequal amount [copiam] of matter but the same amount 
throughout all the planets. For when 10 the bulk [488] of Saturn has been 
multiplied by 5 the density, the product will be 50 the amount of matter, 
which is as great as the product obtained by multiplying 5 the bulk of Jupiter 
by 1 its density. But it seems to be preferable and more elegant that the bulks 
of globes of different density should not be equal to one another, and that the 
density of globes of unequal bulks should not be the same, and that the amount 
of matter should not be distributed in equal portions throughout all the globes, 
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which differ in bulk and in the density of their matter. Rather, all these things 
should vary, so that in whatever order the moving globes succeed one another 
after the centre, in the same order—order, I say, not ratio—let us measure 
out not only the spaces between the bodies and the rarity of the bodies but 
also the amount of matter: thus if Saturn has 50 as its amount of matter, 
Jupiter should be left with less than 50 but more than 25 the half of that—say 
36. For thus the bodies will be as 50 is to 25, the amount of matter as 50 is 
to 36, the rarity as 50 is to 36, or as 36 is to 25, or the contrary density as 25 
is to 36 or as 36 is to 50. 

Furthermore, although formerly I upheld the equality of the amount of 
matter, I have been compelled to assign the ratio of the periodic times to the 
greatness of the bodies; so that just as Saturn has 30 years and Jupiter 12 
years, so too the amplitude of the globe of Saturn to the globe of Jupiter is 
as 30 is to 12. But the observations of the diameters, made by myself and by 
Remus, refute this ratio as being too great. 

Fourthly, the following things persuade us that the ratio of the amount 
of matter should be set down as precisely the ratio of the square roots of the 
bulks or amplitudes—and thus the ratio of the 34th powers of the diameters 
of the globes and the ratio of the 24th powers of the surfaces. For first, it 
happens that the ratio of the amount of matter and the ratio of the density 
are both the ratio of the square roots of the intervals from the sun, and that 
thus the amount of matter and the density participate equally but inversely 
in that ratio: hence the amount of matter is greater, hence the density of the 
same great body is less: and that is the best mean [mediatio] of all. For ex- 
ample, Saturn will be twice as high as Jupiter, one and one-half times as heavy, 
and one and one-half times rarer, or Jupiter is one and one-half times denser. 
And in comparing the ratios of one planet: Saturn will be twice as high as heavy 
and twice as ample as rare. 

Moreover, this same ratio of the square roots of the intervals is established 
by the following geometrical propriety: as above, between the intervals of 
two planets from the sun—for example, let the intervals be 1 and 64 for the 
sake of easier reckoning—let there be set down two mean proportionals 4 
and 16, that is to say, in order to form the two remaining dimensions of the 
bodies, so that the bodies of the mobile globes would be to one another as 1 
is to 64; but the surfaces of the globes as 1 is to 16 or as 4 is to 64, and finally 
their diameters as 1 is to 4 or as 4 is to 16 or as 16 is to 64. So now between 
1 and 64 the intervals of the same two planets from the sun, let there be set 
down one mean proportional 8; that is to say: in order to form physically 
the matter within the bodies, for the matter is one thing only; so again let the 
intervals between the globes be as 1 is to 64, but let the amount of matter 
and the rarity too be in a lesser ratio, as 1 is to 8 or as 8 is to 64; or inversely 
the density, as 8 is to 1, or as 64 is to 8. For in this proportion it makes no 
difference in what manner it is that the corporeality is condensed or rarefied, 
whether it is merely in length or also in breadth, or finally in all three dimen- 
sions. For the ratio introduced prescribes an amount of the thing to be con- 
densed; and different modes of condensation may be found, with the amount 
always remaining the same. 

Therefore if by means of these principles we compute the densities of the 
planetary bodies and always seek a mean proportional between two planetary 
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intervals from the sun, or, more precisely, between the diameters of two spheres 
or orbits, and if we finally compare all the numbers to some common round 
number and reduce them to round numbers: the result will be the numbers 
which follow in the table; and I have found that the terrestrial matters which 
I have placed next to them agree fairly closely with them in their ratio—as 
you can see in my book which I wrote in the year 1616 in the German language 
concerning weights and measures: 
[490] Saturn 324 The hardest precious stones 

Jupiter 438 The loadstone 

Mars 810 Tron 

Earth 1000 Silver 

Venus LIV § Lead 

Mercury 1605 Quicksilver 


So that we may reserve gold—whose density in this proportion is 1,800 or 
1,900—for the sun. 


Finally what do you set down as the ratio of greatness holding between those three 
principal regions of the world, between the space wherein is the sun, the space 
or region of the mobile bodies, and the space of the whole world or the region bounded 
by the sphere of the fixed stars? 


Even if the reasons of Copernicus do not extend to determining by observa- 
tion the altitude of the sphere of the fixed stars: so that the altitude seems 
to be like infinity: for in comparison with this distance the total interval be- 
tween the sun and the Earth, which by the judgement of the ancients embraces 
1,200, and by our reasons 3,469, semidiameters of the globe of the Earth, is 
imperceptible: nevertheless reason, making a stand upon the traces found, 
discloses a footpath for arriving even at this ratio. 

But in the beginning we must glance at the example of the terrestrial and the 
solar and the lunar spheres, because the ratios of the whole world are derived 
from the Earth’s own proper ratios. And the region described by these three 
bodies and their courses is as it were a small world. For what the sun is in the 
Copernican region of the fixed stars—that is, what the Earth is in the sphere or 
region of the sun—in appearance, at any rate, and for Tycho also is the truth 
of the thing. And just as the sun is at the centre of the sphere of the fixed stars, 
unmoving in an unmoving home; so too with respect to the movement of the 
moon, the Earth is motionless at the centre of the, so to speak, motionless 
sphere of the sun. For just as the region of the moving bodies is arranged around 
the sun, so also the sphere of the moon is drawn around the Earth: in the former 
case the sphere of the fixed stars is the boundary for the planets; here the sun 
itself is the boundary for the moon, and she returns to this boundary at the 
end of a month when all her phases are completed. 

Therefore it is consonant that, just as by necessary reasons the sphere of the 
moon was made a mean proportional between the apparent sphere of the sun 
and the terrestrial body at its centre; so too the region of the moving bodies, or 
the outmost circle of Saturn, becomes a mean proportional between the outmost 
sphere of the fixed stars and the solar body at the centre of the world. 

Again the same thing is accomplished, even without reference to the small 
world, by the consideration of the great world itself. For since in one respect 
the movable bodies strive after the immobility of the encircling body, which 
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supplies the place, while they struggle against the movement, so that they are 
not moved with such great speed as the mover strives after; in another respect 
they receive movement from the mover to a certain degree, so that movement 
from the mover and rest from the body supplying the place are somehow mixed 
together in the movable bodies. Therefore if it is permissible to state a physical 
thing in mathematical words, the movable bodies can very aptly be called a 
mean proportional between the body which is the source of movement, and the 
immovable body which supplies the place. 

But since this thing is true [verum] physically and spatially—for the source is 
inside, the thing supplying the place is outside, and the movable bodies are in 
the middle—therefore nothing is more probable [verisimilius] than that even 
geometrically the semidiameter of the region of the movable bodies should be 
the mean proportional between the semidiameter of the solar body and the semi- 
diameter of the sphere of the fixed stars, so that just as the solar globe is to the 
spherical system of all the planets, so this system is to the spherical body of the 
whole world, which is bounded by the region of the fixed stars. See the diagram 
on page 854. 


How do we know the ratio of the diameter of the solar body to the diameter of the 
region of the movable bodies? 


With the aid of mathematical instruments, from the angle which the solar 
body occupies in our vision. For since [492] this angle is approximately 14°, 
it follows that the sun has a distance of 229 of its semidiameters from our vision. 
But our point of vision is on the Earth; and the diameter of the sphere of the 
Earth, placed around the sun, is slightly greater than 1/9 of the diameter of the 
sphere of Saturn. Therefore the outmost sphere of the movable bodies, 7.e., Sat- 
urn’s, contains approximately ten times as many diameters of the sun [as the 
terrestrial sphere does], 7.e., about 2,000. In the diagram on page 854 this 
[outmost sphere of Saturn] is the middle circle. 


How great does the sphere of the fixed stars turn out to be by this reasoning? 


As the diameter of Saturn’s sphere, the outmost sphere of the movable bodies, 
contains the diameter of the solar body about 2,000 times, so too the diameter 
of the sphere of the fixed stars would contain the diameter of Saturn’s sphere 
about 2,000 times. And so the diameter of the sphere of the fixed stars will con- 
tain about 4,000,000 diameters of the solar body, and—according to the ratio 
between the solar and terrestrial bodies believed by the ancients—more than 
five times as many diameters of the Earth, 7.e., 20,000,000; and by our reason- 
ing, three times that, 7.e., 60,000,000. 


But ts not this amplitude of the sphere of the fixed stars unbelievable, for you make 
at to be 2,000 trmes greater than the sphere of Saturn, although among the ancients 
this sphere stood just above Saturn? 


But much more unbelievable is the rapidity—for the ancients—of the sphere 
of the fixed stars and Saturn. And since it is necessary for one of these two 
opinions to stand, it is more probable that the sphere of the fixed stars should be 
2,000 or 1,000 times wider than the ancients said than that it should be 24,000 
times faster than Copernicus said. For in the former case there is no movement 
present in a subject which is very spacious and as it were infinite; but in the 
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later case an as it were infinite movement is placed in the small sphere of Saturn. 
In itself such a great amplitude is not repugnant to Brahe’s observations, nor is 
it discordant with reason that bodies which are at rest should be distant from 
the movable bodies by such an immense interval. 


[493] How do you know that such a great amplitude is not repugnant to Braahe’s 
observations? 


He observed the greatest altitude of the pole star—which at that time was at 
7° of the Ram—in the year 1586 at the midnight after the autumn equinox; and 
it was 58°51’. He observed the greatest altitude [of the same star] on the winter 
solstice on December 26 at about the sixth hour of the evening, and he found it 
again at 58°51’. And so there was no difference; even though during the month 
of September the horizon cut the sphere of the fixed stars lower down—by ap- 
proximately the whole semidiameter of the sphere in which the Earth is borne— 
than on December 26, because on the first date the sun was apparent in the 
Libra; and on the second date, in the Capricornus. The same thing occurred 
when the least altitude was observed on the midnight after the spring equinox 
and after the winter solstice at 6 o’clock in the morning; for in both cases the alti- 
tude was found to be 52°5914’, although during the month of March the horizon 
cut the sphere of the fixed stars higher up—by approximately the whole semi- 
diameter of the sphere wherein the Earth is borne—than in December. Therefore 
the diameter of the sphere wherein the Earth is borne is not perceptible through 
Brahe’s instruments. 

And so since the diameter [of the terrestrial sphere] does not make a difference 
of 1’ in the sphere of the fixed stars, therefore it is not 1459o9th part of the semi- 
diameter of the sphere of the fixed stars. Therefore the semidiameter of Saturn’s 
sphere—which is approximately 10 times the semidiameter of the terrestrial 
sphere—is not equal to }4soth part or 44ooth part of the semidiameter of the 
sphere of the fixed stars. But it is much less possible to decide whether therefore 
it is 14oqoth part, z.e., where the aforesaid altitudes of the polar star differ by 
14’ or 12”, since the diameter of the pole star seems to be equal to at least 1’, 
and since we cannot believe in the diligence of observers to the extent of 14’. 

According to Brahe, Saturn has a distance of 12,300 semidiameters of the Earth 
from the centre of the Earth. Therefore its diurnal circle, when it is on the equator, 
contains 77,314 semidiameters of the Earth, 1.¢., 66,420,000 German miles; and their 
division into 24 hours make the portion of one hour to be 2,767,500; and the sum of 
240 miles—for according to Copernicus that was the space traversed by Saturn in one 
hour—are 1/12,500th part of that. 

But according to Ptolemy, by Copernicus’ corrections, the ratio of the spheres would 
be as follows: 

The moon is 644% semidiameters distant from the Earth. 
505¢ for the body of the moon and Mercury’s 


65 lowest point in sphere of Mercury ni :9144 
209 highest point 
1 for the body of Mercury and Venus’ 


210 lowest point in sphere of Venus |124 : 1956 © 
1,407 highest point 
7 for the body of Venus and the sun’s 
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571% : 621% Copernicus 
has 1094 : 1190 


1,414 lowest point of solar sphere 


1,537 highest point 
6 for the solar body 
2 for the body of Mars 


1,545 lowest point in sphere of Mars ies : 10514 
11,241 highest point 

2 for the body of Mars 

5 for the body of Jupiter 


11,248 lowest point of sphere of Jupiter iBPH4 4:74 
18,253 highest point . 

5 for the body of Jupiter 

5 for the body of Saturn 


18,263 lowest point of sphere of Saturn |494% : 70 
25,737 highest point 
5 for the body of Saturn 


25,742 This is twice as wide as [495] what Brahe has; and the 240 miles, the hourly 
movement of Saturn in Copernicus, is smaller than 1/24,000th part of Saturn’s 
hourly movement in Ptolemy. 


What do you think are the ratios of density of the solar body, the ether which per- 
meates the whole universe, and the sphere of the fixed stars which encloses all things 
from the outside? 


Since these three bodies are analogous to the centre, the surface of the sphere 
and the interval, three symbols of the three persons of the Holy Trinity; it is 
believable that there is only as much matter in one as there is in either one of 
the two remaining: in such fashion that a third part of the matter of the whole 
universe should be packed together into the body of the sun, although in com- 
parison with the amplitude of the world the body of the sun is very narrow; that 
likewise a third part of the matter should be spread out thin throughout the 
immense expanse of the world; that the sun should in this fashion possess within 
its own body as much matter as outside of itself the sun is fated to illuminate 
with the mighty power of light and to penetrate with its rays; and that finally, 
a third part of the matter should have been rolled out in the form of a spherical 
surface and thrown around the world on the outside as a wall. And in order that 
we may shadow forth the proportion to some extent of a known thing which is 
similar, even if we cannot equal the proportion, let us imagine that the solar 
body is all gold, the sphere of the fixed stars of water, or glass, or crystal, and 
the inside space full of air. Whence we are able to understand to a certain extent 
what divine Moses signified by the Firmament—“‘raquia,’”’ which properly 
means expansion, v2z., the blowing in of the ether—and what by the super- 
celestial waters. For similarly boys have a game which is an image of creation, 
when they make bubbles out of soap and water by blowing air into them. The 
difference is that God holds up the drop—so to speak—of water on the inside 
[496] at the centre. In the case of the boys, the drop of water, on account of its 
weight, does not remain at the centre, and is not separated from the surface by 
the blowing but sticks at the bottom of the bubble. 
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How great do you set down the thickness to be, or the distance between the inner and 
the outer surface of the sphere of the fixed stars? 


Since we have given it as much matter as is in the total expanse of the world 
which it embraces; with the exception of the matter which is in the very narrow 
globe of the sun, but since by no means must the matter of the sphere of the 
fixed stars be set down as having the same desnsity as the matter in the region 
of the mobile bodies but a density which is a mean proportional between the 
density of the ether and the density of matter in the solar body; therefore the 
sphere of the fixed stars should have an extension which is a mean proportional 
between the extension [497] of the solar body and the extension of the celestial 
ether. But, as above, the ratio of the diameter of the sun to the diameter of the 
ether was as 1 is to 4,000,000. Therefore the ratio of the extensions is the ratio 
of the cubes, 7.¢., 1 to 64,000,000,000,000,000,000. But the mean proportional 
between these numbers is 8,000,000,000. Therefore, that number of spaces equal 
to the body of the sun will be equal to the space between the concave and con- 
vex surfaces of the sphere of the fixed stars. And so the whole world, when its 
three members have been added together, is represented by the number 
64,000,008,000,000,001. And its cube root, 4,000,0001é,090, shows that this 
sphere, having a thickness of 14 ,o9oth part of the semidiameter of the solar body 
and thrown up around the celestial ether, embraces in its body 8,000,000,000 
spaces equal to the solar body. Therefore this skin, or tunic of the world, or 
erystalline supercelestial sphere, is of such great subtlety, on account of the am- 
plitude of its expansion, that if you made it coagulate into one spherical mass, 
it would have a semidiameter 2,000 times greater than the semidiameter of the 
solar body, since at present it is not more thick than 87,990 of the semidiameter 
of the solar body, or a little more than 2,000 German miles. 


How great will the sun appear to be if you imagine an eye placed on one of the fixed 
stars? 


The 4,000,000th part of the semidiameter of the [sphere of the] fixed stars 
subtends about 49”. Therefore the solar body appears to have a diameter of 
1éo0’, and it measures the great circle 1,296,000 times; or the apparent diameter 
of the sun from among the fixed stars is ¥g,990th part of its apparent diameter 
viewed from the earth. 


How great in turn do the fixed stars appear from the Earth? 


Skilled observers deny that any magnitude as it were [498] of a round body 
can be uncovered by looking through a telescope; or rather, if a more perfect 
instrument is used, the fixed stars can be represented as mere points, from which 
shining rays, like hairs, go forth and are spread out. 


Does it seem therefore that any one of the fixed stars is such a body as the sun is, 
and that the sun in turn is seen from the fixed stars to be of so great and of such an 
appearance as any one of the fixed stars? 


I do not think so: for these observations do not prevent the sun from having 
a body of greater bulk than the fixed stars. Moreover, the view of the sun from 
such a great interval would be brighter than that of whatever fixed stars. For if, 
for example, you pierce through a wall with only a pin, so that the sun can shine 
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through the hole, a greater brightness is poured through from the beams than 
all the fixed stars shining together in a cloudless sky would give. And the eye 
is not injured by any of the fixed stars; but it cannot bear to look towards the 
sun even from a distance. 


PART, 
On THE MOVEMENT OF THE BODIES OF THE WORLD 
1. How Many AND oF WHat Sort ARE THE MOVEMENTS? 


[499] What was the opinion of Copernicus concerning the movement of bodies? For 
him, what was in motion and what was at rest? 


There are two species of local movement: for either the whole thing turns, 
while remaining in its place, but with its parts succeeding one another. This 
movement can be called divyris—lathe-movement, or cone-movement—from 
the resemblance; or rotation from a rotating pole. Or else the whole thing is 
borne from place to place circularly. The Greeks call this movement d¢opa, the 
Latins circuztus, or crrcumlatio, or ambitus. But they call both movements gener- 
ally revolution. 

Accordingly Copernicus lays down that the sun is situated at the centre of 
the world and is motionless as a whole, viz., with respect to its centre and axis. 
Only a few years ago, however, we grasped by sense that the sun turns with 
respect to the parts of its body, ¢.e., around its centre and axis—as reasons had 
led me to assert for a long time—and with such great speed that one rotation is 
completed in the space of 25 or 26 days. 

Now according as each of the primary bodies is nearer the sun, so it is borne 
around the sun in a shorter period, under the same common circle of the zodiac, 
and all in the same direction in which the parts of the solar body precede them 
{500]|—Mercury in the space of three months, Venus in seven and one-half 
months, the Earth with the lunar heaven in twelve months, Mars in twenty-two 
and one-half months or less than two years, Jupiter in twelve years, Saturn in 
thirty years. But for Copernicus the sphere of the fixed stars is utterly immobile. 

The Earth meanwhile revolves around its own axis too, and the moon around 
the Earth—-still in the same direction (if you look towards the outer parts of the 
world) as all the primary bodies. 

Now for Copernicus all these movements are direct and continuous, and 
there are absolutely no stations or retrogradations in the truth of the matter. 


By what arguments 1s 1t proved that the sphere of the fixed stars does not move? 


It was shown in Book 1 that the sphere of the fixed stars does not rotate 
around its centre and axis. For we attribute wholly to the Earth whatever 
appearance of this meets the eyes. Let the other arguments be sought there, 
in folium 104 et segg. Let us repeat two things alone as proper to this place, 
one as regards the speed. For if the outmost sphere contains at least 4,000,000 
diameters of the sun in its diameter; the circumference will be more than 12,- 
566,370 solar diameters in length. Aud. if all that revolves in 24 hours, then 
in one hour 523,600 diameters will revolve; in one minute 8,727; in one second-+! 
which is site nonainhsitieky equal to the heant-beat of man—145 didineters of the 
sun, which is not less than 13,000 German miles; and so during the space of 
time during which the artery once dilates and again contracts, with a twin 
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pulse-beat, around 7,500,000 (German) miles of the greatest circle would be 
revolved—and Saturn, in an orbit 2,000 times narrower, would still traverse 
approximately 4,000 miles. 

The second argument destroys completely every movement of the sphere 
of the fixed stars. For it is not apparent for whose good, since nothing is out- 
side of it, it changes its position and appearances by being moved to what 
place or from what place, and since it obtains by rest [501] whatever it could 
acquire by any movement. For the movements of all bodies are understood 
from its rest; and unless it gives them a place, as it can do perfectly by being 
at rest, nothing can be moved. 


How is the ratio of the periodic times, which you have assigned to the mobile 
bodies, related to the aforesaid ratio of the spheres wherein those bodies are borne? 


The ratio of the times is not equal to the ratio of the spheres, but greater 
than it, and in the primary planets exactly the ratio of the 34th powers. That 
is to say, if you take the cube roots of the 30 years of Saturn and the 12 years 
of Jupiter and square them, the true ratio of the spheres of Saturn and Jupiter 
will exist in these squares. This is the case even if you compare spheres which 
are not next to one another. For example, Saturn takes 30 years; the Earth 
takes one year. The cube root of 30 is approximately 3.11. But the cube root 
of 1 is 1. The squares of these roots are 9.672 and 1. Therefore the sphere of 
Saturn is to the sphere of the Earth as 9,672 is to 1,000. And a more accurate 
number will be produced, if you take the times more accurately. 


What is gathered from this? 


Not all the planets are borne with the same speed, as Aristotle wished, 
otherwise their times would be as their spheres, and as their diameters; but 
according as each planet is higher and farther away from the sun, so it traverses 
less space in one hour by its mean movement: Saturn—according to the mag- 
nitude of the solar sphere believed in by the ancients—traverses 240 German 
miles (in one hour), Jupiter 320 German miles, Mars 600, the centre of the 
Earth 740, Venus 800, and Mercury 1,200. And if this is to be according to the 
solar interval proved by me in the above, the number of miles must every- 
where be tripled. 


2. CONCERNING THE CAUSES OF THE MOVEMENT OF THE PLANETS 


[502] State the opinion of the ancient astronomers as to how the planets move. 

The ancients, Eudoxus and Callippus, and their follower Ptolemy did not 
advance beyond circles, wherewith they were accustomed to demonstrate the 
phenomena—not worrying as to how the planets completed these circles: 
for in Book xu of the Almagest, Chapter 2, Ptolemy writes as follows: 


“But let no one judge that these interweavings of circles which we postulate are 
difficult, on the ground that he sees that for men the manual imitation of these inter- 
weavings is quite intricate. For it is not right for our human things to be compared 
on a basis of equality with the immortal gods, and for us to seek the evidence for very 
lofty things from examples of very unlike things. 

“For is anything more unlike anything than those things which are always in the 
same state are unlike those things which never stay like themselves, and than those 
things which can everywhere be impeded by all things are unlike those things which 
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can be impeded not even by themselves? Indeed we must try hard to fit the most simple 
hypotheses to the celestial movements, in so far as that is possible; but if that is not 
successful, whatever sort of hypotheses can be used. For if only all things which appear 
in the heavens are given as a consequence of these hypotheses, then there is no reason 
for being surprised that interweavings of this sort can occur in the movements of the 
celestial bodies. For these [interwoven circles] do not have a nature which may impede 
their movement, but only a nature which has grown fitted to give way and to offer 
a place for the natural motions of each planet, even if the motions happen to be con- 
trary to one another: so much so that all the circles, speaking absolutely, can inter- 
penetrate all circles with no more difficulty than the movements can be perceived. 
And these movements occur with ease not only around the single circles, but also 
around the whole spheres, and around the axes of curved and closed surfaces. For even 
if the various interweavings of circles, on account of the different movements, and the 
engrafting of one circle in another are very difficult in the customary representations 
which are constructed by the human hand, and do not succeed so easily that the move- 
ments themselves are not at all impeded: nevertheless we see in the heavens that such 
a manifold concourse of movements by no means stands in the way of the single move- 
ments taking place. Indeed, we should not judge what is simple in celestial bodies by 
the examples of things which seem to us to be simple, since not even here does the same 
thing seem to be equally simple in all lands. For it will easily happen that he who wishes 
to judge celestial things in this way will not recognize as simple any of those movements 
which take place in the heavens, not even the invariable constancy of the first move- 
ment: because it is not only difficult but utterly impossible to find among men this 
thing (namely, something which stays in the same state perpetually). Therefore we 
must not form our judgement upon terrestrial things, but upon the natures of the 
things which are in the heavens and upon the unchanging steadfastness of their move- 
ments. So it comes about that in this way all the movements are seen to be simple, 
and much more simple than those movements which seem to us to be simple. For we 
are unable to suspect them of any labor or any difficulty in their revolutions.’’! So 
Ptolemy. 


What do you find lacking in this opinion of Piolemy’s? 

Even if it is true for many reasons that we should not judge of the ease of 
celestial movements from the difficulty of the movements of the elements, 
nevertheless it does not follow that with respect to the celestial movements 
no terrestrial cases are akin; and Ptolemy seems to draw out this excuse to 
such lengths that he undermines the whole possibility [wniversalem rationem] 
of astronomy; and so the excuse satisfies neither the astronomers nor the 
philosophers, and cannot be tolerated in a Christian discipline. 

For as regards astronomy, he brings all hypotheses under suspicion of 
falsity so long as he argues so strongly for the diversity of celestial and ter- 
restrial things, so that even reason is put down as erring in its judgment [504] 
of what is geometrically simple. For if that which to our reasoning concerning 
the heavens seems to be composite, because our reason compounds circles, 
is simple in the heavens themselves, therefore in the heavens circles are not 
compounded with one another in order to fashion one movement. Therefore 
the astronomer is making a false supposition, and, as is extremely astonishing, 
is eliciting the truth from things which are absolutely false. But that is to 
destroy the honor of astronomy, which Aristotle upholds in his books of 


1] have, for obvious reasons, translated Kepler’s Latin rather than Ptolemy’s Greek. 
C. G. Wallis. 
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Metaphysics, believing that ‘‘the astronomers should be listened to on the 
form, lay-out, and movements of the celestial bodies.” But in truth Ptolemy 
reveals himself as regards what he desires: for he says to construct hypotheses 
which are as simple as possible, if that can be done. And so if anyone con- 
structs simpler hypotheses than he—understanding simplicity geometrically— 
he on the contrary will not defend his composite hypotheses by this excuse 
but will say to prefer the hypotheses which seem simpler to us men of the 
earth, even if we employ terrestrial examples. 

As regards philosophy: the philosophers will deny that it is sufficient that 
the matter of the celestial body should be liquid and permeable by the globes 
and so should not resist the motions of the globes through it. For they ask 
what this thing is which leads the globe around, especially if it is established 
that the matter of the globes resists the movers. They ask by what force the 
mover moves the body from place to place, as there is no immobile field re- 
maining underneath, and since a round body does not. possess the services 
of feet or wings, by the motion of which animals transport their bodies through 
the ether, or birds through the air by pressing upon and springing up from the 
air-current. They ask by what light of the mind, by what means the mover 
perceives or forms the centres of the circles and the encircling orbits. Finally, 
neither theology nor the nature of things can bear that Ptolemy, who is steeped 
in pagan superstition, should make the stars to be visible gods—namely, by 
inferring immortal life from their eternal motion—and should attribute more 
to them than belongs to God Himself the Founder—that is to say, that geo- 
metrical reasons which are really composite, and the understanding whereof 
[505] God wished man His image to have in common with Him, should be 
simple in the stars. 


State Aristotle’s opinion as to how the planets move in a circle. 


Aristotle, believing that the heavens were joined together by solid spheres— 
though of an equivocal matter—and the later philosophers, whom the Arabs 
seem to have followed, and after them Peurbach the writer on the schemata— 
they, I say, at first believed astronomy as regards the number of circles neces- 
sary in order to demonstrate the appearances: so Aristotle believed Eudoxus 
and Callippus concerning the twenty-five spheres. He attributed to the spheres 
the same number of motor intelligences, who were to revolve in their mind the 
time of the period and the region of the world into which the motion was to 
proceed. But since it was probable that all the spheres should look to the same 
beginning, Aristotle judged that twenty-four other spheres should be placed 
between these twenty-five spheres, and he called them aveNirrovres, or coun- 
ter-turners: namely, in order that each lower sphere should be freed by the in- 
terposition of the counter-turner from the carrying off which it was going to 
suffer from the higher sphere on account of the contiguity of the surfaces. The 
counter-turners move in an equal time and in a direction opposite to that of the 
higher sphere, and by that resistance give an appearance of rest, wherein as in 
an immobile place the lower sphere is stayed and completes its own proper 
period. And so the mover of each sphere was appointed to give to his own sphere 
and to all the lower spheres which it embraced a most regular movement within 
the higher sphere which was placed in contiguity to this sphere. But since that 
philosopher had decided that movement was eternal, he appointed movers 
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which were also eternal and immaterial, because material things could not have 
an infinite power. Therefore it followed that the movers were separate and im- 
mobile beginnings. But since this eternal duration of the celestial essence seemed 
to him to be the goodness and perfection of the whole world, as being opposed 
to destruction, which was something evil; he also gave to these beginnings the 
highest perfection and the understanding of this perfection, and from under- 
standing the good the will [506] to pursue it, lest [the intelligence] should not do 
well that which is good; in this way he introduced to us separate minds and 
finally gods, as the administrators of the everlasting movement of the heavens— 
just as Ptolemy did. As a matter of fact Scaliger, who professed Christianity, 
and other followers of Aristotle dispute as to whether this movement of the 
spheres is voluntary and as to whether the beginning of will in the movers is 
understanding and desire. And indeed, if the world were eternal as Aristotle con- 
tended, at any rate the fixed region in which the planet revolves would bear 
witness concerning the understanding. For we Christians cannot deny that the 
highest wisdom has presided over the instituting of the movements whereby the 
planet is made to run into its own region and is dispatched into its own spaces 
as if from the barriers; but Aristotle assigned this office to the movers them- 
selves, as being eternal. 

Furthermore, motor souls were added, tightly bound to the spheres and in- 
forming them, in order that they might assist the intelligences somewhat; or 
because it seemed necessary for the first mover and the movable to unite in 
some third thing; or because the power of movement was finite with respect to 
the space to be traversed and the movement was not of an infinite speed but 
was described in a time measured out according to space: and that argued that 
the ratio of the motor power to bt movable body and to the spaces was fixed 
and measured. 

And so by this solidity of the spheres and by the constant strength of the 
motor power absolutely all the movements or celestial appearances were so taken 
care of, that—given the beginning of movement—then indeed every variation in 
the movements would arise from the lay-out and plurality of the spheres with- 
out any labour or worry on the part of the intelligence; and the spheres moved 
around poles which were at rest—in approximately the way in which in Book 1 
the terrestrial body was said to rotate around its axis and its poles. And by that 
movement every sphere—and certain people make them wholly of adamant, so 
that they by no means yield to any body—carried around its planet, which was 
bound to the sphere at a fixed place; and one sphere supported another [507] as 
was said above: and there was no fear that the globes or spheres would fall, 
bound to one another in this way. 


How do you feel about this philosophy? 


Again, I do not raise as an objection to it so much the authority of the Chris- 
tian discipline as the absurdity of the teaching which fashions gods whose func- 
tions are among the works of nature and which meanwhile ascribes to them from 
eternity such things as are necessarily started by one first beginning of all things 
at the commencement of time. And since this reasoning cannot do without its 
theology, the whole thing is overthrown by the denial of gods. 

Further, solid spheres cannot be granted, as ‘was proved above. But once 
more, this philosophy rests upon solid spheres, and it is overthrown by under- 
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mining them. For Aristotle will readily grant that a body cannot be transported 
by its soul from place to place, if the sphere lacks the organ which reaches out 
through the whole circuit to be traversed, and if there is no immobile body upon 
which the sphere may rest. 

Moreover, even if we grant solid spheres, nevertheless there are vast intervals 
between the spheres. Either these intervals will be filled by useless spheres 
which contribute nothing to the state of movement; or else, if there are not 
solid spheres throughout these intervals, then the spheres will not. touch one 
another or carry one another. 

Finally this theory abandons itself, in seeing to it that one sphere rests upon 
another, but forgetting the lowest sphiarty For if we are to grant that spheres are 
shpbatted by spheres and that they are contiguous to one another, then what 
supports the lowest sphere of the moon or by what columns is it supported upon 
the Earth, which, as they suppose, is at rest? Since nowhere on the surface of 
the Earth is any solidity met with: the winds, clouds, and birds freely and easily 
come and go everywhere. Why doesn’t the great weight of the heavens sink 
down upon us, especially when the denser parts of the spheres [508] approach 
our zenith? Or if the heavens have no weight, what need do we have of spheres 
for carrying the planetary globes? 


If there are no solid spheres, then there will seem to be all the more need of in- 
telligences in order to regulate the movements of the heavens, although the intelli- 
gences are not gods. For they can be angels or some other rational creature, can 
they not? 


There is no need of these intelligences, as will be proved; and it is not possible 
for the planetary globe to be carried around by an intelligence alone. For in the 
first place, mind is destitute of the animal power sufficient to cause movement, 
and it does not possess any motor force in its assent alone, and it cannot be 
heard or perceived by the irrational globe; and even if mind were perceived, the 
material globe would have no faculty of obeying or of moving itself. But before 
this, it has already been said that no animal force is sufficient for transporting 
the body from place to place, unless there are organs and some body which is 
at rest and on which the movement can take place. Therefore the question falls 
back to the above. 

But on the contrary the natural powers which are implanted in the planetary 
bodies can enable the planet to be transported from place to place. 

But let it be posited as sufficient for movement that the intelligence should 
will movement into this or that region: then the discovery of the figure whereon 
the line of movement is ordered will be irrational. For we are convinced by 
the astronomical observations which have been taken correctly that the route 
of a planet is approximately circular and as a matter of fact eccentric—that 
is, the centre [of the circle] is not at the centre of the world or of some body; 
and furthermore that during the succession of ages the planet crosses from 
place to place. Now as many arguments can be drawn up against the dis- 
covery of such an orbit as there are parts of it alreayd described. 

For firstly, the orbit of the planet is not a perfect circle. But if mind caused 
the orbit, it would lay out the orbit in a perfect circle, [509] which has beauty 
and perfection to the mind. On the contrary, the elliptic figure of the route 
of the planet and the laws of the movements whereby such a figure is caused 
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smell of the nature of the balance or of material necessity rather than of the 
conception and determination of the mind, as will be shown below. 

Finally, in order that we may grant that a different idea from that of a 
circle shines in the mind of the mover: it is asked by what means the mind 
can apply this or that [idea] to the regions of the world. Now the circle is 
described around some one fixed centre, but the ellipse, which is the figure 
of the planetary orbits, is described around two centres. 

Then what seat will you give to mind, so that it may measure outa circle 
or an elliptic orbit on the liquid plains of the ether? You do not place the 
mind at the centre, do you? For then you are placing it in the ether, which 
is not different from all the remaining space of the world, because the orbit 
of the planet is eccentric to the solar body. But this is exceedingly absurd, 
since elsewhere the beginning of individuation of souls is assigned to the 
matter and to the body, to which the soul is added, and this matter differs 
in place and time and in many other marks from the remaining matter of the 
world. Surely no other position belongs to the soul and to the mind than that 
which comes through its body, which the soul informs. And by what force 
will mind be moved from place to place in a small circle around the centre 
of the world, so that it may be at the centres of the planetary orbits in the 
succession of ages, if the mind is without a body and is no more able to be 
moved than to be given a position in space? By what means will mind view 
its position or its distance from the centre of the world? 

But let it be granted that the mind has a view from its seat at the centre: 
then how will it cause the planet, which is very distant, to trace its orbit around 
this centre? If the mind had the planet tied by a rope, perhaps the planet 
would fly around, being tied to the centre. Perhaps the mind, looking out from 
the centre, could perceive—especially if it were endowed with bodily eyes— 
whether the planet were moving in a circle, if the planet were always viewed 
making an equal angle; but if it should go outside of its circle, in what way 
would the mind lead it back, if it did not see the orbit by itself? [510] But 
how does the mind understand the orbit, which is not stamped on the body 
as its special property? For here there is no question of the intellectual idea 
of a circle, wherein there is no distinction of great and small, but of the real 
route of the planet, which has a fixed magnitude in addition to the idea. 

But if you place the motor mind outside of the centre of its orbit, its con- 
dition will be worse. For either it will be in the body which is at the centre 
of the world; and thus all the minds will be in the same body, and the above 
difficulties with respect to keeping the planet in its orbit and with respect 
to the discovery of the orbit will remain. Or else the mind will be in the globe 
of the planet: then in both cases it is asked by what means the mind knows 
where the centre is, around which the orbit of the planet should be organized; 
and how great the distance of the mind and its globe from that point is. For 
Avicenna rightly judged that if the mover of the planet is a mind, it has need 
of knowledge of the centre and of its distance from the centre. For the circle 
is defined and perfected by the same things, the centre and the equal curva- 
ture around it, v7z., the distance of the circumference from the centre; and so, 
however much you exalt the motor mind, nevertheless the circle is nothing 
else to God except what has already been said. And this same thing should 
be understood proportionally concerning the figure of the ellipse. 
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Why do you say that a celestial body, which is unchanging with respect to tts 
matter, cannot be moved by assent alone? For wf the celestial bodies are neither 
heavy nor light, but most suited for circular movement, then do they resist the 
motor mind? 


Even if a celestial globe is not heavy in the way in which a stone on the earth 
is said to be heavy, and is not light in the way in which among us fire is said 
to be light: nevertheless by reason of its matter it has a natural dévvauia or 
powerlessness of crossing from place to place, and it has a natural inertia or 
rest whereby it rests [511] in every place where it is placed alone. And hence 
in order that it may be moved out of its position and its rest, it has need of 
some power which should be stronger than its matter and its naked body, 
and which should overcome its natural inertia. For such a faculty is above 
the capacity of nature and is a sprout of form, or a sign of life. 


Whence do you prove that the matter of the celestial bodies resists its movers, and 
zs overcome by them, as in a balance the weights are overcome by the motor faculty? 


This is proved in the first place from the periodic times of the rotation of 
the single globes around their axes, as the terrestrial time of one day and the 
solar time of approximately twenty-five days. For if there were no inertia 
in the matter of the celestial globe—-and this inertia is as it were a weight 
in the globe—there would be no need of a virtue [vzrtute] in order to move 
the globe; and if the least virtue for moving the globe were postulated, then 
there would be no reason why the globe should not revolve in an instant. 
But the revolutions of the globes take place in a fixed time, which is longer 
for one planet and shorter for another: hence it is apparent that the inertia 
of matter is not to the motor virtue in the ratio in which nothing is to some- 
thing. Therefore the inertia is not nil, and thus there is some resistance of 
celestial matter. . 

Secondly, this same thing is proved by the revolution of the globes around 
the sun—considering them generally. For one mover by one revolution of 
its own globe moves six globes, as we shall hear below. Wherefore if the globes 
did not have a natural resistance of a fixed proportion, there would be no 
reason why they should not follow exactly the whirling movement of their 
mover, and thus they would revolve with it in one and the same time. Now 
indeed all the globes go in the same direction as the mover with its whirling 
movement, nevertheless no globe fully attains the speed of its mover, and one 
follows another more slowly. Therefore they mingle the inertia of matter 
with the speed of the mover in.a fixed proportion. 


The ratio of the periodic times seems to be the work of a mind and not of material 
necessity. 

The most accurately harmonic attunement of the extreme movements—the 
slowest and the fastest movement in any given planet—is the work of the high- 
est and most adored creator Mind or Wisdom. But if the lengths of the periodic 
times were the work of a mind, they would have something of beauty, like the 
rational ratios, duplicate, triplicate, and so on. But the ratios of the periodic 
times are irrational [ineffabiles, irrationales vulgo] and thus partake of infinity, 
wherein there is no beauty for the mind, as there is no definiteness [Jinztio]. 

Secondly, these times cannot be the work of a mind—I am not speaking of 
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the Creator but of the nature of the mover; because the unequal delays in dif- 
ferent parts of the circle add up to the times of one period. But the unequal 
delays arise from material necessity, as will be said below, and as if by reason 
of the balance [ex ratione staterae]. 


Therefore by what force do you suspend your material globes and the Earth in 
especial, so that each remains within the boundaries of its region, though tt is destt- 
tute of the bonds of the solid spheres? 


Since it is certain that there are no solid spheres, it is necessary that we should 
take refuge in this inertia of matter, whereby any globe, placed in any place on 
the world beyond the motor virtues, naturally rests in that place, because mat- 
ter, as such, has no faculty of transporting its body from place to place. 


Then what is it which makes the planets move around the sun, each planet within the 
boundaries of zts own region, uf there are not any solid spheres, and tf the globes 
themselves cannot be fastened to anything else and made to stick there, and if without 
solid [513] spheres they cannot be moved from place to place by any soul? 


Even if things are very far removed from us and which are without a real 
exemplification are dificult to explain and give rise to quite uncertain judge- 
ments, as Ptolemy truly warns; nevertheless if we follow probability [verzstmilz- 
tudinem] and take care not to postulate anything which is contrary to us, it will 
of necessity be clear that no mind is to be introduced which should turn the 
planets by the dictation of reason and so to speak by a nod, and that no soul 
is to be put in charge of this revolution, in order that it should impress something 
into the globes by the balanced contest of the forces, as takes place in the revo- 
lution around the axis; but that there is one only solar body, which is situated at 
the centre of the whole universe, and to which this movement of the primary 
planets around the body of the sun can be ascribed. 


3. ON THE REVOLUTION OF THE SOLAR Bopy AROUND ITs AXIS 
AND ITs EFFECT IN THE MOVEMENT OF THE PLANETS 


By what reasons are you led to make the sun the moving cause or the source of move- 
ment for the planets? ) 


1. Because it is apparent that in so far as any planet is more distant from the 
sun than the rest, it moves the more slowly—so that the ratio of the periodic 
times is the ratio of the 34th powers of the distances from the sun. Therefore 
we reason from this that the sun is the source of movement. 

2. Below we shall hear the same thing come into use in the case of the single 
planets—so that the closer any one planet approaches the sun during any time, 
it is borne with an increase of velocity in exactly the ratio of the square. 

3. [514] Nor is the dignity or the fitness of the solar body opposed to this, 
because it is very beautiful and of a perfect roundness and is very great and is 
the source of light and heat, whence all life flows out into the vegetables: to such 
an extent that heat and light can be judged to be as it were certain instruments 
fitted to the sun for causing movement in the planets. 

4. But in especial, all the estimates of probability are fulfilled by the sun’s 
rotation in its own space around its immobile axis, in the same direction in 
which all the planets proceed: and in a shorter period than Mercury, the nearest 
to the sun and fastest of all the planets. 
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For as regards the fact that it is disclosed by the telescope in our time and can 
be seen every day that the solar body is covered with spots, which cross the disk 
of the sun or its lower hemisphere within 12 or 13 or 14 days, slowly at the be- 
ginning and at the end, but rapidly in the middle, which argues that they are 
stuck to the surface of the sun and turn with it; I proved in my Commentaries on 
Mars, Chapter 34, by reasons drawn from the very movement of the planets, 
long before it was established by the sun-spots, that this movement necessarily 
had to take place. 


What do you think should be held concerning the solar body and the force whereby 
at turns around its axis? 


It was said in the first Book that this body—or any other which revolves 
around its own axis—was not merely moved in a gyre by the Creator’s omnipo- 
tence at the commencement of things, but it also seems to continue this move- 
ment by the reinforcement of a motor soul. For even if, by means of some 
other rationale there unfolded, the movement could be continued, nevertheless 
the dailiness and yearliness of this movement, in which the total life of the 
world consists, is more rightly obtained by the reinforcement of a soul. 


Do you have any other arguments besides movement which make it likely that a soul 
is present in the solar body? 


1. A strong argument is drawn from the matter of the solar body and its [515] 
illumination, which seems to be a quality in the solar body, sprung from the 
very mighty informing by a soul—namely, a soul whose matter, it is consonant, 
as was said above, is the most dense matter among the bodies of the world: 
therefore it is right to believe that very great forces are present in that soul, 
which dominates and sets on fire the enduring matter. 

2. Moreover, I think a soul must be postulated rather than an inanimate 
form, because it is apparent from the rising of sun-spots and their dispersion 
and from the unequal illumination of different parts in different times that there 
is not one continuous and perpetually uniform energy [energiam] in all the parts 
of the solar body, but that it admits movement and variation and interchanges, 
and that such things take place in the solar globe as take place in the terrestrial 
globe, mutatis mutandis, so that from its inmost bowels hither and yon things 
which look: like clouds are breathed out—which are perhaps black soot—and 
when their matter has been consumed, the light of the parts which before were 
covered by those spots becomes more bright. And since these interchanges are 
perennial, they smell of the guardianship of a soul rather than a simple form. 

3. Moreover, light in itself [per se] is something akin to the soul: no less than 
this same thing was proven of heat in Book 1. For on the earth nothing is set on 
fire [inflammatur], that is to say, is made luminous, which was not engendered 
by some soul in a body: as a trunk from the soul of the shoot, alcohol from the 
soul growing in the vine, sparks from iron and stones, which are things cooked 
up in the bowels of the Earth by the soul of the Earth. But that light is some- 
thing akin to our flames is clear from the fact that light concentrated by con- 
cave or convex lenses sets on fire in such fashion that there are flames and coals. 
And so it is consonant that the solar body, wherein the light is present as in its 
source, is endowed with a soul which is the originator, the preserver, and the 
continuator. 
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4. And the function of the sun in the world seems to persuade us of nothing 
else except that just as it has to illuminate all things, so it is possessed [516] of 
light in its body; and as it has to make all things warm, it is possessed of heat; 
as it has to make all things live, of a bodily life; and as it has to move all things, 
it itself is the beginning of the movement; and so it has a soul in itself. 


You don’t, do you, further add mind or intelligence to the sould of the sun, in order 
for it to regulate this movement of the sun around the axis? 


There is absolutely no need of mind for the functions of movement. For the 
region in which the sun revolves exists from the first commencement of things. 
But the constancy of the revolution and of the periodic time, as was explained 
above, depends upon the ratio of the constant power of the mover to the obs- 
tinancy [contumaciam] of the matter. But the directing of the solar axis per- 
petually towards the same region is stillness rather than the work of mind, since 
from the first commencement of things none of this movement has been im- 
pressed upon the axis. But also the mean circle between the extremes of the axis, 
the poles, necessarily follows the direction of the axis; and it, regulated by the 
same perpetually fixed points, abides as the axis abides. Finally, the laying hold 
of the planetary bodies, which the rotation of the sun makes to revolve, is a 
bodily virtue, not animal, not mental. 

And let these things be said with respect to movement. However, with respect 
to the inferences concerning intelligence, to which the consideration of the celes- 
tial harmonies leads, see the last chapter in Book v of my Harmonies. 


Then does the sun by the rotation of tts body make the planets revolve? And how can 
this be, sence the sun 1s without hands with which rt may lay hold of the planet, which 
is such a great distance away, and by rotating may make the planet revolve with 
ttself? 

Instead of hands there is the virtue of its body, which is emitted in straight 
lines throughout the whole amplitude of the world, and which—[517] because 
it is a form of the body—rotates along with the solar body like a very rapid vor- 
tex; moving through the total amplitude of the circuit—whatever magnitude it 
reaches to—with equal speed; and the sun revolves in the narrowest space at 
the centre. 


Could you make the thing clearer by some example? 


Indeed there comes to our assistance the attraction between the loadstoneand 
the iron pointer, which has been magnetized by the loadstone and which gets 
magnetic force by rubbing. Turn the loadstone in the neighbourhood of the 
pointer; the pointer will turn at the same time. Although the laying hold is of a 
different kind, nevertheless you see that not even here is there any bodily con- 
tact. 


The example ts certain, but obscure; explain what that virtue ts and of what genus 
of things. 

Just as there are two bodies, the mover and the moved, so there are also two 
powers, by which the movement is administered ; one is passive and verges more 
towards matter, namely the likeness of the planetary body to the solar body, 
with respect to the bodily form; and there is one part of the planetary body 
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which is friendly to the sun, and the opposite part is unfriendly. The other power 
[potentia] is active and smells more of form—that is to say, the solar body has 
the force (vim) to attract the planet with respect to its friendly part and to re- 
pulse it with respect to its unfriendly part, and finally tokeep it, if it were placed 
thus, so that it does not direct either its “friendly” or its “unfriendly” part 
against the sun. 


How can tt be that the whole planetary body 1s like or akin to the solar body, but one 
part of the planet ts friendly to the sun and the other part is unfriendly to the sun? 


Doubtless, too, since the loadstone attracts the loadstone, the bodies are akin; 
but the attraction takes place with respect to one part alone; and the repulsion, 
[518] with respect to the opposite part. Therefore friendliness and the unfriend- 
less are named from the effect of rushing together or of flying apart, not from 
the unlikeness of the bodies. 


Whence comes this diversity of the opposite parts of the same body? 


In loadstones the diversity comes from the situation of the parts in the whole. 
For if you break the loadstone AB at CD, then 
wheresoever the pieces are transposed to, 
parts A and CD of the two pieces are mutually 
repellent.t In the whole loadstone these parts 
formerly looked towards the same region of 
the world. But if the pieces are put next to one 
another, so that the former relative situation 
of the parts occurs, as CAD, BCD, then the 
pieces attract? one another. 

In the heavens the thing is arranged some- 
what differently. For the sun possesses this 
active and energetic faculty of attracting or 
repulsing or retaining the planet, not as a loadstone does, in one region, but in 
all the parts of its body. And so it is believable that the centre of the solar body 
corresponds to one extremity or region of a loadstone, but the whole surface to 
the other region of the loadstone. Therefore in the bodies of the planets, that 
part or extremity which at the first commencement of things and at the first 
placing of the planet [519] looked towards the sun is akin to the centre of the 
sun and is attracted by the sun; but the part which stretched out away from the 
sun towards the fixed stars came to possess the nature of the surface of the sun; 
and if it is turned towards the sun, the sun repulses the planet. 


In order that I may better understand the effect of the whirling-movement of the sun, 
say what you judge would have been the case if the sun did not have a whirling- 
movement. 

Just as a loadstone does not stop attracting a loadstone which has its friendly 
part turned towards it, until it brings the second loadstone into bodily contact 
and unites it completely to itself; and if the unfriendly part is turned towards it, 
either it turns the second loadstone around and in the same way attracts the 
loadstone which has been turned around; or else, if 1t cannot turn the loadstone 


1Reading repellunt for attrahunt. 
*heading attrahunt for repellunt. 


EPITOME OF COPERNICAN ASTRONOMY, IV 899 


around, it repels it, and in this case the [first] loadstone does not leave any place 
to the second within the sphere of its virtue, if only it is not hindered. So we 
must consider in the case of the sun, that if it did not turn around its axis, none 
of the primary planets would revolve around the sun; but a part of the planets 
would voyage towards the sun perpetually, until they were united to it by con- 
tact; and the part which turn their behind towards the sun would be repulsed 
towards the fixed stars; but the planets which show their side to the sun would 
stick to their place and be utterly immobile, while the attractive virtue of the 
sun struggles with the repulsive. 


Then what takes place now by the sun’s rotating around its axis? 


Indubitably by the turning of the solar body the virtue too is turned, just as 
by the turning of a loadstone the attractive force of one part is transferred to 
different regions of the world. And since by means of that virtue of its body the 
sun has laid hold of the planet, either attracting it or repelling it, or hesitating 
between the two, it makes the planet also revolve with it and together with 
the planet perhaps all the surrounding ether. Indeed, it retains them by attrac- 
tion and repulsion; and by retention it makes them revolve. 


If this were the case, would not all the planets make their periodic returns at the 
same time as the sun? 


Yes, if only this were the case. But it has been said before this, that besides 
this motor force of the sun there is also a natural inertia in the planets them- 
selves with respect to movement: hence by reason of their matter they are in- 
clined to remain in their own place. So the motor power of the sun [potentia 
vectorial] and the powerlessness or material inertia of the planet are at war with 
one another. Each has its share of victory: the motor power moves the planet 
from its seat; the material inertia removes its own, 1.e., the planetary, body 
somewhat from those bonds by which it was laid hold of by the sun, so that it 
is laid hold of first by one part and then by another part of this circle of virtue 
[ctrcularis virtutis] and as it were 
circumference of the sun—that is, 
by the part which comes next after 
the part from which the planet has 
just loosed itself. 

In the diagram, the form [species] 
of the rotated solar body is under- 
stood by the outer circle designated 
by dots; [521] and such a circle is 
understood to be drawn through 
any position whatsoever of the 
planet A, B, C, D, E, F, G, or H. 
Let the sun, and with the sun its 
form, turn from right to left: first, 
let the planet A be laid hold of by 

Ky z that part of the form of the sun 
| x ie which is designated by the ray A; 

Nene-dee sar let the ray A be moved through a 
fixed interval of time as far as the 
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place of the ray D; and let it draw the planet, which however resists and tries 
to loose itself. Thus, as in the same interval of time the planet is propelled 
from A to B, so the first ray leaves the planet behind it by the space BD. But 
in turn, the ray H has succeeded it and lays hold of the planet in B. For as far 
as A was moved forward to D, so far has H proceeded to B. 


But if all things are effected by natural powers which are set at work and at war to 
move the inertia of matter, how can the planets preserve thetr periodic times, so that 
the periodic tumes are always exactly equal? 


More easily than by the assistance of mind. For as the ratio of the total motor 
virtue to the matter of the globe to be moved is invariable, it follows that the 
periodic times are perpetually equal. 


But why does one planet free rtself from this grasp more completely than another, so 
that Saturn moves only 240 miles in one hour while Mercury moves 1200 miles ac- 
cording to Copernicus? 


1. Because the virtue flowing from the solar body has the same degrees of 
weakness in different intervals which the intervals themselves have, or the am- 
plitude of the spheres described with these intervals: that is the mightiest cause. 

2. Moreover there is something of a cause in the inertia of the planetary 
globes or in the greater or less resistance, whereby the ratio only half corre- 
sponds; but more of this somewhat later on. 


The body of the planet is always the same but it 1s repelled by the sun and attracted 
to it, as you wish; therefore it passes through different degrees of motor virtue: there- 
fore the ratio of the power to the planetary body does not remain constant. 


Not absolutely, if we consider the parts of one revolution; and so the same 
planet becomes faster in one part of its revolution, as above in £, than in another 
part A, as will be said below. But in spite of this the general total motor virtue 
[collecta universa virtus vectoria] throughout all those degrees through which the 
planet passes during one revolution always and at every restitution is of the 
same magnitude. 


How ts it possible that the virtue flowing from the body of the sun should be weaker in 
the greater interval at A than near the sun at E? What weakens the virtue or makes 
it feeble? 

Because that virtue is corporeal and partakes of quantity: wherefore it can 
be dispersed and thinned out. Therefore since as much power is diffused through- 
out the very wide orbital circle of Saturn as is collected in the very narrow 
orbital circle of Mercury: therefore it is very thin throughout the parts of the 
orbital circle of Saturn, and hence it is very feeble; but it is most dense at 
Mercury and hence is very strong. 


If it were a question of the body of the sun, I might grant to zt thts natural power of 
moving: but you draw out this material power from the body and place 1t without a 
subject in the very spacious ether. Doesn’t this seem absurd? 

[523] That it should not seem absurd is clear from the example of the load- 
stone, to which this same objection can be made. But in neither case is this 
force without a proportional subject. For in this way at the very source the sub- 
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ject of the natural faculty is the body of the sun, or the threads stretching out 
from the centre to its circumference; thus even in this very emanation, I think 
a rational distinction should be made between the immaterial form [speciem] of 
the solar body, which flows as far as the planets and beyond, and its force or 
energy which actually lays hold of the planet and moves it—so that the form is 
the subject of the force, though it is not a body but an immaterial form of a 
body. 


Could you give an example of this thing? 


There is a true example in the light and heat of the sun. There is no doubt but 
that just as the whole sun is luminous, so it is all on fire, and that on account of 
the density of its matter it should indeed be compared to a glowing mass of 
gold, or to anything else which may be denser. Now from that light [ex luce illa] 
of the sun there emanates and comes down to us a form which is not corporeal, 
not material, which we call the illumination [/wmen] or rays of the sun and which 
however is subject to dimensions and accidents. For it flows on straight lines 
and may be condensed or rarefied, and many indeed be cut by a mirror and by 
glass, namely, by reflection and refraction, as we are taught in Optics. More- 
over, this form of the sun’s light [luczs] bears its heat with it; and in proportion 
to the greatness or smallness of the strength whereby it falls upon bodies 
which can be illuminated, it warms them to a greater or to a lesser extent. 

Therefore just as that form (speczes) or illumination (lumen)—which form we 
know with certainty to flow down from the light (luce) of the sun—is the sub- 
ject of the heat-giving faculty, which has similarly been extended from the sun, 
through a form; so too the solar body’s immaterial form, come down as far as 
the planets, has as its companion the form of that energetic virtue (speciem 
allius virtutis energeticae) in the solar body; and this form strives to unite like 
things to itself and to repel unlike. 

There is a more clear example in this same light: when it passes through 
coloured glass or coloured weavings or has been communicated to coloured sur- 
faces, [524] it itself is coloured. Hence, it cannot be denied that, although the 
light is an immaterial form of the light which flowed into the coloured body, it 
becomes the subject of that colour and as it were even the outward-going 
vehicle of it. 


What tf this very light and not some other form from the body of the sun were the 
subject of the prehensive faculty whereby the sun lays hold of the planetary bodies? 


Not absolutely; for it seems rather that we should take it that an immaterial 
form flows off from its body, in which form the prehensive force and the light 
inhere, but in the light the colour and heat—each of them drawn from its own 
source. 


State the reasons for this distinction between the immaterial forms from one and the 
same solar globe. 


1. The matter of the solar body must be something distinct from the light 
in it. For the movement of rays of light in a straight line takes place in an in- 
stant; but the turning of the solar body takes place in time. But if we were to 
postulate that the bare form of the light is the subject and vehicle of the pre- 
hensive virtue, then one and alone the light of the sun could lay claim to being 
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the whole essence of its body. For the same thing which is found in the form 
from the thing is found in the thing as in its origin [orginaliter]. 

2. Dimensionality applies to emanated light doubtless not wholly by reason 
of the inward essence of the light, but by reason of something different from the 
light itself, namely, because the light is in a body of some certain magnitude and 
because the forms emanate together as much from body as from light. 

3. The form of light emanates from the surface of the luminous body, or if 
really from the depths of a pellucid body, still as if from the surface. And so the 
light is considered as a surface, [525] and it has the same properties which other 
surfaces have with respect to movement and impact; but the body which is be- 
neath the illuminated surface suffers nothing, because nothing has come down 
from the inward corporeality of the source of light: now the force laying hold 
of a body must necessarily come down from a body, so that there may be a mov- 
ing cause which is proportional to its movable object. And so it is subject to 
bodily dimensions and moves bodies: not only with respect to the surface but 
also winding its way into their very matter. 

4, Hence, too, no matter on the surface of the object resists the light in such 
a way that the surface is not illuminated instantaneously; but what resists the 
light, z.e., something opaque, resists it perpetually and is never overcome, as 
long as it remains opaque. But the virtue which lays hold does not overcome 
every whit: for the resistance of matter in the planetary body stands up against 
it and restricts it: hence the planet does not follow exactly the forward move- 
ment of the prehensive force, but is left behind and abandoned by it and in that 
mutual struggle there is place for time. 

5. There is the same reason for the further difference that light is bounded 
and stopped by the surfaces of opaque bodies, so that it goes on no farther into 
other bodies lying in the same straight line. But this foree which moves the 
planet by laying hold of it is not stopped by its surface, but goes into the body 
which it lays hold of, and moreover goes on through the body into the body of a 
farther planet, if it so happens that two planets are on a straight line with the 
sun: consequently the movement is not disturbed at all by the interposition of 
bodies. But if movement arose from the illumination of light, this would be 
absurd; for as often as the higher planet was eclipsed by the lower, so often and 
so long would its movement cease until the lower planet by its speed should re- 
move itself from the line [with the sun]. 

6. Finally, that the planetary movement is not necessarily from the naked 
light of the sun is shown by the examples of other things where movement simi- 
lar to the celestial movements takes place without light, as can be seen in the 
case of the loadstone; and this will be shown below by the example of the moon, 
which is moved by the earth, a body which is luminous to the least extent. And 
even if at that time the illumination of the earth and the moon has a share [526] 
and even if it co-operates in many ways in moving the moon, nevertheless it 
does not do that per se, but merely strengthens the motor form from the earth 
(specimen motricem tellurts), as will be said in the proper place. 


What is the likeness between the form of light and the form of this prehensive virtue? 

There is a very close likeness in the genesis and conditions of both forms: the 
descent of each from the luminous body takes place instantaneously ;each remains 
of average greatness and smallness without loss, is not taxed; nothing perishes 
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in the journey from its source, nothing is scattered between the source and the 
illuminable or movable thing. 

Therefore each is an immaterial outflow, not like the outflow of odours, which 
are conjoined to a decrease of the substance; not like the outflow of heat from a 
raging furnace, or anything similar, by which the spaces in between are filled. 
For this form is not anywhere except in the opposite and withstanding body; 
the form of the light on its opaque surface, but the form from the motor virtue 
in the total corporeality: but in the intermediate space between the sun and 
the surface, the form is not but has been. But if they were to meet the concave 
spherical surface of an opaque body, both solar forms would be scattered in that 
concavity together with all that abundance with which they have emanated 
from the body of the sun: in this way as much of the form would be in a wide 
and farther-away sphere of this sort as is in the narrow and nearer sphere. And 
since the ratio of convex spheres is the ratio of the squares of their diameters: 
therefore the form will be made weaker in unequal spheres in the ratio of the 
square of its distance. And again because circles have the same simple ratio as 
their diameters: therefore in longitude the form is weaker in the same ratio of 
its distance from its source. 


Where are the arguments for this comparison gotien from? 


These properties of light have been demonstrated in optics. [527] The same 
things are proved by analogy concerning the motor power of the sun, keeping 
the difference between the works of illumination and movement and between 
the objects of each. And these same things are found to be consonant with 
astronomical experiments. 

For since one and the same planet, as will be said 
below, in parts of the eccentric circle which are 
really equal but are at unequal distances from the 
sun, makes unequal delays and does that in this very 
ratio of the distances therefore it follows that the 
motor virtue is attenuated in longitude in the same 
ratio wherein the light is attenuated in longitude, 
namely in the ratio of the amplitude of the circles 
which have those distances or semidiameters. In 
this diagram, let the sun be S, the same planet CA 
as nearer and F'D as farther away. And let DH and 
ATI be equal parts of the eccentric circle—that is to 
say, at opposite positions on the eccentric circle. 
Let DH be the farther away, and AJ the nearer. 
Accordingly as SD is to SA, so the delay of the plan- 
et in DH is to the delay of the planet in AZ. From 
this it also follows that as SD is to SA, so inversely 
is the density of CA, the light which is at a lower 
distance, to the density of FD, the light which is farther away. 


[528] But of the light is attenuated in the ratio of the squares of the intervals, i.e., in 
the ratio of the surfaces; why therefore does not the motor virtue too become hanes 
in the ratio of the squares rather than in the simple? 


Because the motor virtue has as subject a form from the solar body, not ac- 
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cording as it is merely body but according as it is set in motion in a revolution 
around its immobile axis and poles. 

Therefore even if the form from the solar body is attenuated in longitude and 
in latitude no less than the light is; nevertheless this attenuation contributes 
towards the weakening of the motor virtue only by reason of the longitude: for 
the local movement which the sun gives to the planets takes place only in lon— 
gitude, wherein even the parts of the solar body are mobile, not also in latitude 
towards the poles of the body with respect to which the sun is immobile. 


But nevertheless the movable bodies have latitude no less than longitude. Wherefore 
they are borne by this virtue so that they each have their latitude as well as longitude. 
Therefore why is not this motor virtue weakened in latitude, and that in the ratio 
of the squares of the intervals? 


Indeed the planetary bodies have not only these two dimensions but also 
the third dimension of thickness or altitude; and they occupy this virtue 
clearly in three ways: and exactly for that reason the prehensive, vehicular, 
and motor virtue of one planet is not one circle lacking latitude, but is con- 
stituted of an infinite number as it were of circles parallel in latitude and in 
altitude. But it does not accordingly follow that the attenuation of this virtue 
should be in the ratio of the squares or cubes of the intervals or semidiameters. 
For just as elsewhere in geometry equimultiples have the same ratio: so also 
here in physics, as one least physical line—as a part of the planetary body—is 
to the thinness of one circle of virtue, in the simple ratio of the intervals; so is 
an infinity of least physical lines—as all the parts of the planetary body laid 
out in latitude as well as in altitude—to the same number of circles of the 
motor virtue, which all together and singly have force to move merely in 
longitude; but neither singly nor taken all together do they have any force 
to move in latitude or in altitude. Therefore, just as the single lines or solitary 
threads of two planetary bodies would be moved by the single circles of motor 
virtue in the simple ratio of the intervals; so, taken together, all the threads 
of the planetary globe are moved by all the circles of motor virtue, taken 
together, in the same simple proportion: for the latitude and altitude of the 
motor virtue is not of its essence but of the accidents of the movable thing. 


Nevertheless are not these statements concerning the form from the solar body and 
from the solar virtue, which makes the planets and the Earth in particular revolve, 
more difficult to believe than the former statements of the philospohers concerning 
intelligences, motor souls, and solid spheres? 


Their being more difficult to believe is no disadvantage, provided they 
are easy to comprehend; and the objection made against the spheres and the 
intelligences cannot be made against them—or any other objection wherein 
the charge of impossibility is made. 

For in the first place, wherever they exceed belief there is none the less a 
true example in the loadstone. Then, if anyone should doubt whether the 
faculties of a loadstone, 7z.e., terrestrial faculties, are present in the heavens, 
or whether the Earth, a heavy body, could be transported from place to place 
by an immaterial form from the sun; let him regard the moon, which is so much 
akin to the Earth: he sees it revolve without any solid sphere underlying it. 
[530] But that bodily forms which pass one another back and forth are strong 
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enough to cause movement is shown by this same moon, which moves the 
seas on the Earth by the form given out.So we are not lacking in examples. 
And the mode by which we perceive in mind what sort of form it is does not 
disturb us: alone the unbelievable strength [fortitudo] of this form keeps us 
in doubt. And indeed we can rightly answer here with Ptolemy that it is 
never proper to appraise the virtues of divine works according to our weakness, 
or their greatness according to our smallness. 

Now the appraisal of mode and figures belongs to mind; but in this ap- 
praisal there should be no judgment of greatness or smallness, 7.e., of indefinite 
quantities. 


4. ON THE CAUSES OF THE RATIO OF THE PERIODIC TIMES 


In the beginning of this consideration of movement you said that the periodic times 
of the planets are found to be quite exactly in the ratio of the 34th powers of their 
orbits or circles. I ask what the cause of this thing ts. 


Four causes come together in establishing the length of the periodic time. 
The first is the length of the route; the second is the weight or the amount 
[copia] of matter to be transported; the third is the strength of the motor 
virtue; the fourth is the bulk [moles] or space in which the matter to be trans- 
ported is unrolled. For as is the case in a mill, where the wheel is turned by 
the force of the stream, so that, the wider and longer the wings, planks, or 
oars which you fasten to the wheel, the greater the force of the stream pouring 
through the width and depth which you will divert into the machine; so too 
that is the case in this celestial vortex of the solar 
form moving rapidly in a gyro—and this form 
causes the movement. [531] Consequently the more 
space the body—A or D in this case—occupies, the 
more widely and deeply it occupies the motor vir- 
tue, as in this case BCA understood according to 
its width; and the more swiftly, other things being 
equal, is it borne forward; and the more quickly 
does it complete its periodic journey. 

But the circular journeys of the planets are in 
the simple ratio of the intervals. For as SA is to 
SD, so too is the whole circle BA to the whole 
circle ED. But the weight, or the amount of matter 
in the different planets, is in the ratio of the 4th 
powers of the intervals, as was proved above, so 
that always the higher planet has more matter and 
is moved the more slowly and piles up the more time 
in its period, since even before now by reason of its 
journey it would have wanted more time. For with 
SK taken as a mean proportional between SA and SD the intervals of the two 
planets; as SK is to the greater distance SD, so the amount of matter in the 
planet A is to the amount in the planet D. But the third and fourth causes 
balance one another in the comparison of the different planets. But the simple 
ratio of the intervals plus the ratio of the 1$th powers constitute the ratio 
of the 34th powers of the same. Therefore the periodic times are in the ratio 
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of the 34th powers of the intervals. Consequently if SD, SK, SA, and SL 
are continued [mean] proportionals, then SZ will be to SD [532] as the time 
period of planet A is to the time period of planet D. 


Prove, in comparing two planets, that the weakening of the motor virtue is exactly 
balanced by the amplitude wherewith the movable planetary bodies occupy the 
virtue. 


The bulks or expanses of the bodies are in the simple and direct ratio of the 
intervals, as was demonstrated above. That is, as SA is to SD, so is the bulk 
of the planetary body at A to the bulk of the other planet at D. But too the 
motor virtue is dense and strong, in the simple ratio of the intervals but in- 
versely; for as the same interval SA is to SD, so the strength of the form CA 
is to the strength of the form FD. Therefore the virtue is in turn occupied 
in the same ratio in which it is weakened; for example, Saturn is borne by a 
power ten times feebler than the virtue by which the Earth is; but conversely, 
it occupies with its body ten times more of the virtue of its region than the 
Earth with its body occupies of the virtue of its region. And let the total 
virtue which Saturn occupies by its bulk be divided into ten parts which are 
equal in expanse (spatzo) to the total virtue which the Earth occupies. Any 
one of these parts or expanses of virtue has only one tenth of the strength 
which that one part which is occupied by the Earth has, wherefore those ten 
parts added together into one are equal in power [potestate] to that one part 
by which the Earth is borne. And so if in the amplitude of the more rarefied 
globe of Saturn there were not more matter than in the narrowness of the 
denser terrestrial body, the globe of Saturn in one year would be borne along 
as great a distance of its orbit as is the length of the whole orbit of the Earth; 
and thus in ten years it would complete its proper orbit. But in fact it has 
approximately thrice as much matter and weight as the Earth does; where- 
fore it requires thrice as long a time, namely thirty years. 


[533] What need was there to teach of this balancing? Would zt not have been enough 
for establishing a demonstration to set down that there is absolutely no cause for such 
an irregular movement as this either in the different grades of the motor virtue or in 
the different amplitudes of the planetary globes? 


Now for the demonstration that the ratio of the different periods of the planets 
is the ratio of the 34th power of the intervals, it would have made no difference 
whether this or that were set down. But if we had progressed to the different 
delays of one and the same planet at different intervals, we could not have es- 
tablished from the same genus of things the reason why the delays in arcs which 
are exactly equal should follow the ratio of the intervals. 


Then what is the reason why the farther distant from the sun any equal arc of the 
eccentric circle is, the longer delays does the planet make in that arc, and in the ratio 
of the intervals? 

The reason is indeed the weakening of the motor virtue: just as light is SD 
the longer interval from the sun is diffused more thinly along the length FD 
than is the diffusion of the same in the shorter interval SA. And so what of the 
virtue was at that time occupied by the body of the planet, as FD, is more weak 
than what of the denser virtue is occupied by the same CA which is nearer. 
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For here the three remaining causes are missing. For the arc or route is as- 
sumed in both cases to be of the same length, as DH, AJ: the density of the 
body remains the same, and the magnitude of the figure likewise; because FD 
and CA are in this case one and the same planet. The strength of the virtue 
alone is left. But more on this in the following. 


[534] In this case we seem to meet a greater difficulty than above. For when the 
planet is nearer to the sun, it occupies not only longer arcs of the circles of the motor 
virtue but also denser arcs: wherefore should it not extend rts delays in the ratio of 
the squares rather than in the simple ratio of the intervals? 


Now the same thing is said as above, and the same answer is made. For even 
if Saturn at that time did not come down into the sphere of the Earth: never- 
theless we were comparing the expanse of power occupied by Saturn not merely 
with that which the Earth would have occupied in the sphere of Saturn but also 
with that which the Earth would occupy in its own sphere. Therefore, as before, 
the fact that the circles are denser (confertiores) is to be assigned to the form 
from the body; and this form is something distinct from the inhering motor 
virtue, which extends in longitude alone and gets no advantage from the con- 
densation of its subject in latitude—unless a thin line without width (latctudine 
carens) has no natural force in length (én longum): where the width (latitudo) of 
such a line is judged not by the density but by the expanse, namely on account 
of the width of the bodies to be moved, as I taught above. 


5. On THE ANNUAL MOVEMENT OF THE EARTH 


Accordingly this philosophy of Copernicus makes the Earth one of the planets and 
sets 2 revolving among the stars: I ask what, besides what has been said, is required 
for the easier perception of the teaching and the arguments. 


Since the annual movement of the Earth becomes necessary, because it has 
been postulated that the centre of the sun is at rest at the centre of the world, 
and since this movement is caused [535] by the revolution of the sun in that 
space and clearly removes the truth of the stopping and retrogradation of the 
planets and explains it as a mere deception of sight: we must distinguish care- 
fully the following questions: (1) Whether the sun sticks to the centre of the 
world, (2) Whether all the five spheres of the planets and the middle sphere of 
the Earth are drawn up around the sun, so that the sun is in the embrace of all. 
(3) Whether the sun occupies the very centre of the whole planetary system, or 
whether it stands outside of that. (4) Whether this centre of the system and the 
sun in it revolve in an annual movement, or whether the Earth has an annual 
movement through the sections opposite to those in which the sun is thought 
to be moving at any time. 


You have proved above that (1) the sun is at the centre of the sphere of the fixed stars. 
Now prove also that (2) it ts within the embrace of the planetary spheres. 


That the sun is at the centre of the planetary revolutions is proved first from 
an accident of this movement, namely, the appearance of stoppings and retro- 
gradings, which are deceptions of sight, or even because the planets seem to be 
faster when progressing than they really are. 

For to begin with the lower planets, now for a long time during the many ages 
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which followed Ptolemy—let us say nothing at present of ancient Aristarchus— 
it was perceived by the authors Martianus Capella, Campanus, and others, that 
it is not possible for the sun, Venus, and Mercury to have the same period of 
time, namely, a year, unless they have the same sphere and unless the sun is at 
the centre of the two spheres of Venus and Mercury and these planets revolve 
around the sun: for that reason, when these planets seem to retrograde, they are 
not really retrograding but are advancing in the same direction in the sphere of 
the fixed stars but are going around the sun. And that is more consonant with 
the nature of celestial things. 

[536] A few years ago Galileo confirmed this argument by a very clear demon- 
stration: by means of a telescope he disclosed 
the illumination of Venus. When Venus is pro- 
gressing and is in the neighbourhood of the 
sun, it has a round figure; when retrograding, 
a horn-shaped figure. For from this it is proven 
with the utmost certainty that its illumination 
comes from the sun, that when Venus appears 
round and progresses straight ahead, it is 
above the sun; but that when it is horn-shaped 
and retrograding, it is below the sun, and that 
it thus revolves around the sun. Let the de- 
monstration of this thing by reason of light be 
joined to the demonstrations of the illumina- 
tions of the moon. In the case of Mercury, 
Marius brings forward similar things by the aid 
of the telescope: the feebleness of its light was 
recognized as the planet came down to the 
Earth: and that is a sign that the form 
(speciem) of the illumination is changed and 
the light has become weaker in the horn, so that it moves the eye less when near 
than when far away. And that would be absurd without this weakening in the 
horn; because elsewhere things which are nearer appear greater than if they had 
drawn away farther. [537] Now as regards the three upper planets, Aristarchus, 
Copernicus, and Tycho Brahe demonstrate that if we set them in order around 
the sun and put the sun as, so to speak, the common centre of the five planets, so 
that the movement of the sun, whether true or apparent, affects all the spheres 
of the five planets, we are freed—as before in the case of Venus and Mercury, 
from two eccentric circles, so now in the upper planets—(1) from three epicycles; 
(2) from the blind unbelievable harmony of their real movement with the move- 
ment of the sun; (3) and just as above in the case of Venus and Mercury, they 
have no real stations and retrogradations with respect to the sun, around which 
they revolve; (4) thus also very many complications in the latitudinal move- 
ment are removed from the doctrine of the schemata; (5) and finally the reasons 
are disclosed for the difference which makes the five planets become stationary 
and retrograding, but never the sun and the moon; and (6) why Saturn, the 
highest of the upper planets, has the least are of retrogradation; Jupiter, the 
middle one, the middle arc; and Mars, the nearest one, the greatest arc. All these 
things will be explained below in Book vi. But the ancient astronomers were 
totally ignorant of the reasons for these appearances. 
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3. But even the secondary planets bear some witness to this thing. For 
Marius found that in the world of Jupiter the restitutions of the jovial satel- 
lites around Jupiter is never regular with respect to the lines which we cast 
out from the centre of the Earth to Jupiter; but that they are regular, if they 
are compared with the lines drawn through Jupiter from the centre of the sun. 
And that argues strongly that the orbit of Jupiter is arranged around the 
sun and that the distance of the sun from the centre of the orbit of Jupiter is 
sure and somehow fixed; but that throughout the year the Earth varies its 
distances from this centre. 


How many sects of astronomers are there with respect to this theory, from which 
the second argument ts drawn? 


Three: the first, commonly known by the name of the Saaibates [538] never- 
theless has Ptolemy as its coryphaeus; the second and third are ascribed to 
the moderns. Though the second, named after Copernicus, is the oldest, 
Tycho Brahe is the founder of the third. 

Accordingly Ptolemy treats the single wandering stars only separately, 
and he ascribes the apparent causes of all the movements, retrogradations, 
and stations, to their separate spheres. None the less in the case of each planet 
he sets down one unchanging sphere which completes its period with respect 
to the movement of the sun: but Ptolemy does not explain from what causes 
that comes about—unless the Latin writers, hypnotized by their complete 
ignorance of the rays, attribute some obscure force to the constant rays of 
the sun. 

The remaining two founders compare the planets with one another; and the 
things which are found to be common to their 
movements are deduced from the same common 
cause. But this common cause, which makes the 
planets seem stationary and retrograding in 
some fixed configuration of the planet and the 
sun, is still attributed by Brahe to the real 
movement of all the planetary spheres; but it is 
completely removed by Copernicus from the 
spheres of the planets. For Brahe teaches that 
all the five spheres of the primary planets are 
bound together at some common point, which is 
not far distant from the centre of each sphere— 
as if here all the spheres were described in the 
common circular table B—and that this, so to 
speak, common node or knot really revolves with the sun during the year, and 
that very near to this node the sun—in the small circle made with dots—makes 
all the spheres revolve along with itself; and so to speak dislocates them from 
their own regions in the world—in the manner wherein bolters, grasping a sieve 
by one part of its rim, turn it with their hands and shake it; hence, for example, 
the position of the whole planetary system during the month of June is along 
circle B, during August along C, during October along D, during December 
along £, during February along F, during March along G, whence once more 
along B: meanwhile the planet, which has not been disturbed at all by this 
dislocation of its sphere, [539] completes its own circle on the sphere around 
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its, as it were, fixed centre. But as regards the time of one year, Copernicus 
leaves the centres of the spheres absolutely fixed and also the centre of the 
sun fixed in the neighbourhood of the aforesaid centres. But he ascribes to 
the Earth, and thus to our eyesight, an annual movement around the sun: 
hence, since our eyesight thinks that itself is at rest, the sun seems to move 
with an annual movement and all the five planets seem now to stop, now to 
go in the opposite direction, now to advance forward very fast. 


So by what arguments do you prove (3) that that common node or common node 
or centre of all the primary systems is not [merely] very near to the sun but is in 
the body of the sun at ats centre? 


In the teaching of astronomy the following arguments for this thing are 
drawn: 

1. From the movement of altitude and longitude of the planets. [540] Ob- 
servations duly taken bear witness that the longest line in the schema of each 
and any primary planet, which exactly bisects the orbital circle into two 
semicircles equal in the magnitude and speed of their parts, passes through 
the centre of the sun. Therefore all the five lines of altitude always meet at 
the centre of the sun. See the diagram on page 862. 

2. From the movement of latitude of the planets. For we learn from the 
same class of things, that is, from observations, that the orbit of each and 
any primary planet is cut by the ecliptic at the positions opposite the centre 
of the sun, not opposite any other neighbouring point. 

3. But if the centre of the sun and the centre of the region of the movable 
bodies were different, then the very slow movement in the small circle would 
have to be ascribed either to the centre of the sun or to the centre of the region 
of the movable bodies, on account of the progression of the apogee of the sun, 
as will be taught in Books vi and vii. And thus the one of these two which 
moves could not either be or remain at the centre of the world. But it is prob- 
able that both of them are at the centre of the world and are at rest there: 
the sun does so on account of the preceding and the following arguments. 
But the node of the movable bodies does so by reason of being the source of 
movement, and we have already said that this movement starts from this 
common centre of the movable bodies. But stillness belongs to the source; 
and on account of stillness, a place at the centre of the movable bodies and 
at the centre of the whole world. 

4. The seat to be assigned to this same source of movement is not in any 
mathematical point, very near to the most noble body, but rather in that 
most noble body, for three reasons: first, in order for us to avoid the absurdity 
that the source of movement—which is necessarily set down as being at that 
common node of all the spheres, as will be proved below—should be very 
near to the heart of the world, but nevertheless should not be at the very 
heart of the world, namely the sun; secondly, because the motor force cannot 
reside in a mathematical point but requires a body, namely the heart of the 
world, the sun; thirdly, because the motor force absolutely demands for itself 
the centre of the world, where the sun itself is: just as stillness belongs to the 
surface of the world, so movement belongs to the inside. 

5. [541] But in especial, the following thing must be taken out of the reach 
of Brahe’s judgement and be demonstrated; that the centre of the region of 
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the movable bodies does not differ from the centre of the sun. For if Brahe 
admits this, he will be forced to assign some movement to the sun; and he will 
be forced to admit that besides the centre of the sun, there is another, different 
centre for the movable bodies; and by this movement it comes about that the 
sun now precedes this centre, now follows it, now stands above, now stands 
below; and nevertheless both always have the same period of time. 

(6) As a matter of fact, something absurd and surprising would happen to 
Brahe. For the sun would be moved by an eccentric movement, having its apsis 
today in the Cancer. But the centre of the movable bodies would have the apsis 
of its eccentric movement in the opposite sign of the Capricornus. But what 
would be the reason for this thing? 

(7) These two last arguments furnish an argument against Copernicus also 
inasmuch as he places that common node of the planets very near to the sun, 
but not in the sun itself. For the movements of all the remaining primary planets 
agree in the fact that the points around which their movements appear regular 
are different in position from the common centre of the region of the movable 
bodies: the Earth alone would keep this point as the measure of its movement, 
if the sun were not in the centre of the region of the movable bodies. But what 
would be the cause of this difference? 

(8) Finally the reason why Copernicus and Brahe make these two centres 
different is not sufficient nor astronomical enough. For they were led to that by 
the fact that they wished in the forms of their hypotheses to express their every- 
way equipollence to the Ptolemaic form. But it was not necessary that they 
should step exactly in Ptolemy’s foot-prints. For indeed Ptolemy did not build 
up all the parts of his hypothesis from observations, but he based many things 
upon the preconceived and false opinion that it is necessary to presuppose that 
the movements of the planets are regular throughout the whole circle—and 
that is demonstrated by observations to be false. Let anyone who wishes fully 
to understand these astronomical arguments which are placed here under one 
aspect—let him go to my Commentaries on the Movements of the Planet Mars. 


[542] Finally by what arguments do you prove (4) that the centre of the sun, 
which 1s at the midpoint of the planetary spheres and bears their whole system—does 
not revolve in some annual movement, as Brahe wishes, but in accordance with 
Copernicus sticks rmmobile in one place, while the centre of the Earth revolves in an 
annual movement? 


Even though the other necessarily follows from the demonstration of the one, 
nevertheless certain arguments pertain more closely to the sun and certain to 
the Earth; and certain others equally to both. 

First on this side was the same argument whereby we just now claimed for 
the sun the midpoint of the spheres: namely, that the superfluous multitude of 
spheres and movements has been removed. For as it is much more probable that 
there should be some one system of spheres of the sun and that it should be 
common to the centre of the sun and to that node of the five spheres, according 
to Tycho Brahe, than that we should believe according to Ptolemy that in any 
one of the five planets, over and above the spheres which have to do with 
their proper movements, there is present one whole system of spheres exactly 
like the sixth system of the sun; so also it is now much more probable that the 
centre of one Earth should revolve in an annual movement and the sun be at 
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rest, according to Copernicus, than that, according to Brahe, this node of the 
five systems together with the spheres and planets themselves and the sun as a 
sixth should have the same annual movement besides the other movements 
which are proper to each. For even though Brahe removed from the true sys- 
tems of the planets those five superfluous schemata of Ptolemy, which are like 
those of the sun, and reduced them to that common node of the systems, hid 
them, and melted them down into one; nevertheless he left in the world the very 
thing which was effected by those schemata: that any planet, over and above 
that movement which must really be granted to it, should be moved by the 
movement of the sun and should mix both into that one movement. And since 
there are no solid spheres, [543] from this mixing there are caused in the expanse 
of the world very involved spirals. See the diagram of this involution in my Com- 
mentaries on Mars, folium 3. 

Copernicus on the contrary by means of this one simple movement of the 
centre of the Earth stripped the five planets completely of this extrinsic move- 
ment of the sun, and made the centres of the six primary planets—that is, the 
Earth and the remaining five—-each describe singly a simple and always similar 
orbit, or line very close to a circle, in the expanse of the world. 

The second argument is from the movement in latitude. If epicycles revolve 
around an Earth at rest, either according to Ptolemy or according to Brahe; it 
will be necessary for those epicycles, especially those of the lower planets, in 
different ways to seek the sides as well as the head and feet, that is, to have a 
twofold libration. But with the Earth in motion, all the orbital circles have a 
constant inclination to the ecliptic. See Book vi, Part 111 where the latitudes of 
the lower planets supply us with a very clear argument for the movement of the 
Earth. 

Thirdly, just as above, in the doctrine on the sphere, the diurnal revolution 
of the Earth being granted, the immense sphere of the fixed stars was freed 
from a diurnal movement of incalculable speed; so now, an annual movement 
being granted to this same Earth after the model of the other planets, we have 
ended that very slow movement of the fixed stars, which is called by Copernicus 
the precession of the equinoxes. See Book vir as regards these things. For it is 
much more believable to attribute them to the axis of the Earth, a very small 
body, than to such a great bulk. 

Fourthly, the consideration of the ratios of the spheres wars on this side. 
For it is by no means probable that the centre of a great sphere should revolve 
in a small sphere. For the proper spheres of the three upper planets are much 
greater than the sphere of the sun—Saturn’s approximately ten times greater; 
Jupiter’s five times; Mars’ one and one half times. 
Therefore these five spheres are not carried around or 
dislocated from their position; but their centres re- 
main approximately fixed, and, as a consequence, 
instead of this movement common to them and to the 
sun, the Earth revolves. 

[544] The fifth argument, which is related to the 
preceding one, is the same as that whereby Brahe 
tried to disprove the solidity of the spheres. For if 
Brahe’s reasoning holds, as the orbit of Mars is one 
and one half times the orbit of the sun, so the body of 
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Mars at fixed times returns to that point in the world’s expanse where the sun 
was at other times. And it is quite unbelievable that the regions which the 
primary planets pass through should be so jumbled together; since in Coper- 
nicus they are not only distinct, but are kept separate by very large intervals 
of emptiness. 

I make the sixth argument ‘similar to the fourth: from the magnitude of 
the movable bodies. For it is more believable that the body around which the 
smaller bodies revolve should be great. For just as Saturn, Jupiter, Mars, Ven- 
us, and Mercury are all smaller bodies than the solar body around which they 
revolve; so the moon is smaller than the Earth around which the moon re- 
volves; so the four satellites of Jupiter are smaller than the body of Jupiter 
itself, around which they revolve. But if the sun moves, the sun which is the 
greatest, and the three higher planets which are all greater than the Earth, 
will revolve around the Earth which is smaller. Therefore it is more believable 
[545] that the Earth, a small body, should revolve around the great body of 
the sun. 

The seventh reason is drawn from the reasons for the intervals, which were 
unfolded above in the first part of this book. These reasons are disturbed and 
maimed, unless we grant to the Earth too its own sphere, which Copernicus 
gives to it between the spheres of Mars and of Venus. For even if the interval 
between Saturn and Jupiter could be deduced from the cube, that of Jupiter 
and Mars from the tetrahedron, and that of Venus and Mercury from the octa- 
hedron, even in Brahe’s ordering: yet there would still remain between Mars and 
Venus a single interval. But there remain two figures in the number of figures of 
the world. And the interval between Mars and Venus, which is in a greater ratio 
than double would not square with one of these figures, the dodecahedron or the 
icosahedron; nor could it be deduced from two figures, not even by the inter- 
position of some sphere between them. 

Eighthly, the same things are to be said concerning the harmony of the celes- 
tial movements, which are made up of the same numbers and proportions as our 
musical scale. And if you consider the excellence of the work or the pleasantness 
of contemplation, or finally the unavoidable force of the persuasion, this har- 
mony can truly be called the soul and life of all astronomy. But this harmony 
is at last complete only if the Earth in its own place and rank among the planets 
strikes its own string and as it were sings its own note through a variation of a 
semitone: otherwise there would be no manifesting of its semitone, and that 
again is the soul of the song. As a matter of fact, if the semitone of the Earth is 
gone, there is destroyed from among the celestial movements the manifesting 
of the genera of song, 7.e., the major and the minor modes, the most pleasant, 
most subtle, and most wonderful thing in this whole discussion. But concerning 
this in the Harmonies.} 

Ninthly, if we consider the force of Brahe’s ordering and if we image for our- 
selves some matter of the five dislocatable spheres, which matter together with 
the region of the movable bodies is dislocated by the annual movement; then in 
this matter, in this, I say, celestial sphere which extends throughout all the 
planetary regions, the Earth even when at rest [546] will describe such an orbit 
around the sun as Copernicus assigned to it between the spheres of Mars and 
Venus—the sun and the centre of the region of the movable bodies being ai rest. 

1See pp. 1009 fi. 
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And so by an absurd and unfitting reason a joke leads us from a distance to the 
same beauty—namely, that the Earth should progress along one circle or sphere, 
while being at rest. It is more believable that the sixth orbit of the Earth is 
described by the real movement of the very Earth, just as the remaining five 
orbits are described by the same number of movements. 

The tenth argument, taken from the periodic time, is as follows: the apparent 
movement of the sun has 365 days, which is the mean measure between Venus’ 
period of 225 days and Mars’ period of 687 days. Therefore does not the nature 
of things shout out loud that the circuit in which those 365 days are taken up 
has the mean position between the circuits of Mars and of Venus around the 
sun: and thus this is not the circuit of the sun around the Earth—for none of 
the primary planets has its orbit arranged around the Earth, as Brahe admits— 
but the circuit of the Earth around the resting sun, just as the other primary 
planets, namely Mars and Venus, complete their own periods by running around 
the sun? 

The eleventh argument is taken from the motor causes—by the supposition 
of Brahe’s opinion, though it is not admitted by all. For because there are no 
solid spheres, therefore the motor faculties can be placed nowhere except in the 
movable bodies. But thus the condition of the motor souls will become mighty 
hard, and harder that of the intelligences, while the motor souls are ordered to 
transport the body, in which they are, from place to place by a twofold move- 
ment, without the resistance of anything, but the intelligences are ordered to 
look to very many things—so that they may carry the planet in its own rank 
by two in all respects distinct and mixed-together movements. For at least at 
one and the same moment they are forced to look to the beginnings, centre, 
periods, and figures of either movement. But if the sun is at rest and the earth 
is moved, each planet has only one movement, and that movement can be ef- 
fected by bodily magnetic powers. For there is barely need of the animal faculty 
for the one revolution of the solar body, but there is absolutely no need any- 
where for the supervision of mind. See my Commentaries on Mars passim. 

The twelfth is from the source of movement. For it has just been demon- 
strated in many ways, and it will be confirmed below, that every movement of 
the primary planets, and in part even the secondary planets, arises from the sun. 
But it is right to believe that the first cause of movement is immobile. Therefore 
the sun sticks immobile to its own place—and as a consequence the Earth moves 
in an annual movement, in place of the sun. 

The thirteenth is from motor instruments. For if we let the sun and the Earth 
revolve around their own axes, then the forms from these bodies (horwm cor- 
porum species) become the subjects of the motor powers by which the six planets 
are moved by the sun, and the moon by the Earth. But if the sun revolves in an 
annual movement while the Earth is at rest, then no form from a body, which 
form should introduce movement, is at hand for moving the sun. And if the 
Earth does not revolve around its axis once a day, it does not have anything 
whereby it may move the moon. But this argument urges the daily movement 
more strongly [than the annual]. 

The fourteenth argument is from the movement in longitude. If the sun 
moves, carrying around with it the system of all the spheres, something novel 
occurs in the case of the sun. For some body will move itself, or else it surely will 
be moved by some special outside mover, since the other primary bodies are 
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moved by one common sun, and thus by something other than themselves. But 
if the Earth moves in a circle and is also moved by the sun, like the other pri- 
mary bodies, nothing novel happens. And so it is probable that the Earth is 
moved, for a probable cause of its movement appears; and it is probable that 
the sun remains fixed. 

The fifteenth argument is from the movement in altitude. It has already been 
said in part, and it will be demonstrated below more fully, that all. the planets 
have a movement of libration in a straight line, which proceeds towards the sun 
and by means of this libration obey the laws of their speed and slowness in any 
position on the eccentric circle. And thus it is certain that the sun is the cause of 
this variation in all five planets. But it has been demonstrated in the Commen- 
taries on Mars that the same thing takes place on the Earth, if it moves, [548] 
namely that the Earth too has a libration along its diameter in the direction of 
the sun. But if it is put down that the sun is moving, then on the contrary the 
Earth becomes the cause of the sun’s slowness and speed and thus of its revolu- 
tion too. But indeed let the bodies of the sun and the Eearth themselves be 
viewed, and let the judgement be made as to whether it is more probable that 
the sun, which is the source of movement of the five planets and is many times 
greater than the Earth, should be moved by the Earth, or whether on the con- 
trary the Earth, one among the primary planets, should be moved by the com- 
mon source of movement of the remaining planets. See the Commentaries on 
Mars. 

The sixteenth probability is as follows. Now in Book 1 it was maintained by 
many arguments and by the refutations of their contraries that the Earth has a 
diural rotation around its axis, and among those arguments not the weakest 
were as follows: If the Earth is put down as having a diurnal movement, the 
final and instrumental cause of the obliquity of the ecliptic can be taken from 
this same Earth; and, with the Earth at rest, neither of these [causes] can be 
explained, nor can they be sought from the sphere of the fixed stars, wherein the 
zodiac is, without a glance at this petty little body which is called Earth. There- 
fore the transportation of the centre of the Earth can no longer be absurd. But 
the probability is sufficient, if the remaining arguments demand the thing itself. 
For this is not to be offered as a necessary argument: because even though the 
sun rotates around its own axis, nevertheless it is immovable in place, as a whole. 

The seventeenth reason: If the Earth revolves in an annual movement, not 
only do we find a more probable cause for the precession of the equinoxes than 
if we assign this variation to the sun, the first body; but also by this same means 
we give a reason for the irregular progression of the planetary nodes, and by the 
inclination of the axis of the diurnal movement of the Earth we explain the 
causes of the change in the obliquity of the ecliptic, just as in the case of some 
irregularity in the precession of the equinoxes—which irregularity we disapprov- 
ed by the third argument. But one must necessarily be profoundly ignorant of 
the causes of so many of these phenomena, if the Earth does not revolve in an 
annual movement. 

[549] Let the eighteenth argument come from the end of movement, by which 
it is proved that movement belongs to the Earth as the home of the speculative 
creature. For it was not fitting that man, who was going to be the dweller in 
this world and its contemplator, should reside in one place of it as in a closed 
cubicle: in that way he would never have arrived at the measurement and con- 
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templation of the so distant stars, unless he had been furnished with more than 
human gifts; or rather since he was furnished with the eyes which he now has 
and with the faculties of his mind, it was his office to move around in this very 
spacious edifice by means of the transportation of the Earth his home and to 
get to know the different stations, according as they are measurers—.e., to take 
a promenade— so that he could all the more correctly view and measure the 
single parts of his house. Now you understand that—in order that the first 
part of this Book 1v might be fitted properly together—its writer needed to have 
the Earth a ship and its annual voyage around the sun. But if the Earth moves, 
the sun is necessarily at rest. 


6. ON THE DIURNAL REVOLUTION OF THE TERRESTRIAL Bopy AROUND ITS 
AXIS AND ITS Errect In MovINnG THE MOON, AND ON THE MuTUAL 
PROPORTIONS OF THE YEAR, MONTH, AND Day 
Because, 1n addition to the annual revolution around the sun, the diurnal rotation 
too is assigned to the Karth, which 1s one of the primary planets: I ask, you do not 

believe, do you, that all the primary planets turn in this way around their axes? 

That is very probable, firstly in the case of Venus, as being seen to exhibit 
one spot after another—taking as a sign its sparkling, which is of a different 
form from the sparkling of the fixed stars; [550] again in the case of Jupiter, 
as bearing four satellites; and Saturn, which bears two just as the Earth bears 
one, the aforesaid moon: concerning which satellites below. 


By what principles 1s this rotation of bodies around their axes brought to pass? 

In Book 1, which concerns the Earth, and in this Book rv, which concerns the 
sun, it has been said that these bodies are turned by an inborn animal principle 
or something similar. But that this principle is not alone in rotating the Earth 
but is assisted by the sun is gathered from two pieces of evidence: first, because 
the number of daily revolutions of the Earth in a year, which is 36514, ex- 
ceeds the proximate archetype, which is 360. For it is fitting that, unless the 
internal motor force of the Earth were nourished by the perpetual presence of 
the sun, the Earth would have moved along somewhat more slowly around its 
axis; and thus in the same space of a year it would have made fewer revolutions, 
namely only 360. With this postulated, it follows that the 544 remaining and as 
it were supernumerary revolutions are added to those 360 on account of some 
assistance from the sun. The other piece of evidence names this circumstance: 
that that part of the difference of time which the preceding Books 1 and 111, folia 
108 and 286, spoke of, and which Tycho Brahe is seen to have brought to light 
by clear experiments with eclipses, and which I reduced to physical form, is 
relevant here. For because this additosubtractive difference of time puts the 
summer revolution of the Earth as slightly slower than the winter: that indeed 
could not come from an inborn principle in the Earth, as such principles are 
wont to be perpetually uniform; but it must come from the intervals between 
the sun and the Earth, which in our hemisphere are longer in the summer than 
in the winter. 


Perhaps every force causing this whirling movement ts in the sun alone, none in any 
principle of movement inborn separately in the earth? 

This is repugnant to both of the aforesaid reasons. For (1) if [551] the number 
36514 were not composed of the two effects of two distinct causes, there would 
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round numbers rather than one of the disjointed and ignobdle fractions. (2) If 
the true physical additosubtractive difierence of time ts postulated: then, if the 
sun caused everything, the whole diurnal revolutions of the Earth would be pro- 
portional io the intervals between the sun and the Earth. But the magnitude of 
this addiiasubtractive difference of tyme demands that not the whole revolu- 
tions but merely some smal] parts of the revolutions should be proportional to 
these variable intervals. 


You reckon the indernal virtue of the Earth at 360 revolutions im one year; what 
resson for this mumber do you have to show from the archetype? 

Because the sun had to cower the 720th pari of iis circle or apparent course 
@i its farthest distance from the Earth; I believe that such great strength has 
been united to this virtue of the whirling movement, that the sun in any revo- 
lutjon of the Earth could appear to have progressed through two such small 
parts of its circke—according to the number of the two parts of the revolution, 
of whach ome part ts called day, and the other is called nazht—to the view from 
amy ome place on the surface of the Earth. Consequently if two spaces of the 
eclapiac are stamped by the positions of the sun on two successive noons, there 
would be intercepied an empiy or unsiamped space equal to either of them; and 
as day i to mighi, so would the space filled by the sun be to the empty space— 
the diurnal space around the centre of the sun to the nocturnal space. 

For im si] these things, the nature of man, the observer creature and future 
dweller on the Earth, was taken up among the archetypal causes—as being one 
who was gome to reckon the magnitude of the solar body and contemplaie the 
differences of day and nzghi. 


[552] Bud ef this had been sowght, wi seems that wt would also have been obiained. 
But you yoursay admit that these ratios hane been disturbed, since on account of 
thee Further mmcremenis From the sun the 360 days have become 36514 and thus the 
@rurmal pourneys han become shorier. 

1. It canmot be saad that this was sought simply, but merely in the adjustment 
of the principle of miermal movemeni im the Earth: and in that manner it was 
obtaimed. 2. But even if im this secondary movement the concourse of causes 
G@isturbs the number instituted; sil] this disturbance was not so great but that 
Guring the months of November and January this magnitude is obtained: be- 
cause then the nusgnitnde of the diurnal movement of the sun is 1° or twice 30’. 
And long before, even if there were no such disturbance, the magnitude of the 
diurnal movement of the sun would have been such only twice during the year, 
@n account of the necessary irregularity of the apparent movement of the sun. 


How docs the sum sirengihen the motor virtue of the Earth by increasing the speed 
@ the diurnal revolution ef the Earth? 

It. is very probable that this takes place by the mediation of the light of the 
sun_lmedsanze solis lumine], which the sun pours upon the Earth, through the 
iaminaiwon of the Harth’s hemisphere. For because the physical additosubtrac- 
tive ditference laeguatie] of ime demands unequal daily revolutions of the Earth, 
according as its distances irom the sun vary; certainly at a short interval the 
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illumination is strong as coming from a denser light; and weaker at a long dis- 
tance, as from a thinner and thus lesser light; and that occurs—as regards the 
one dimension of longitude, into which the movement proceeds—in the very 
ratio of the distances. And so the amount of light which there is at any given 
time is fitted, by means of the distances, for distributing this acceleration 
throughout the year. 


[553] What are the effects of the daily revolution of the Earth, and, in general, of the 
revolutions of the primary bodies around their axes? 


Two: the first, which is proper to the Earth, is that for us who dwell on the 
Earth, all the stars in the heavens, both the fixed and the wandering, and so 
also the sun and the moon are seen every day to rise in the east and set in the 
west; although with respect to this diurnal movement they remain fixed in their 
places. I have treated of this deceptive appearance in the first three books on 
the doctrine of the sphere. The other effect, which is physical and most true and 
is common to all the primary bodies, and hence to the sun, is that the primary 
planets, by means of the form departed from their body set in revolution, move 
their secondary planets—as the Earth, the moon—and cause the secondary 
planets to move in the same direction but more slowly, and as if left behind. 


By what arguments ts it made probable that the primary planets share their own 
movements around themselves with the secondary planets, and especially the Farth 
with the moon? 


The moon and Earth give the first evidence, For, just as above, from the fact 
that the planets, on drawing near to the sun, are borne more speedily, we 
reasoned that the sun by means of the form from its body, ¢.e., its form set in 
rotation, moves the planets around itself in the same direction; so also, because 
we find that (1) in so far as the moon draws nearer to the Karth--but not to the 
sun—so much the more speedily does it move around the Karth, and (2) in the 
same direction in which the Earth revolves around its axis; it is with the greatest 
probability that we derive that movement of the moon from the whirling of the 
Earth; and that is all the more probable, because (3) there is also the corre- 
spondence that, just as the rotation of the sun around its axis is shorter than 
the shortest period of Mercury, so too the Earth rotates approximately thirty 
times, before the moon has one restitution. For if the moon revolved more 
quickly than the Earth, its movement could not wholly come [554] from the 
rotation of the Earth. (4) But belief in this thing is confirmed by the comparison 
of the four satellites of Jupiter and Jupiter with the six planets and the sun, For 
even if in the case of the body of Jupiter we do not have the evidence as to 
whether it rotates around its axis, which we do have in the case of the terrestrial 
body and the solar body in particular, that is to say, evidence from sense-per- 
ception. But sense-perception testifies that exactly as it is with the six planets 
around the sun, so too is the case with the four satellites of Jupiter: in such 
fashion that the farther any satellite can digress from Jupiter, the slowlier does 
it make its return around the body of Jupiter. And that indeed does not oceur 
in the same ratio but in a greater, that is, in the ratio of the 34th power of the 
distance of each planet from Jupiter: and that is exactly the same as the ratio 
which we found above among the six planets. For Marius in his World of Jupiter 
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reporta that the distances of the four Jovial satellites from Jupiter are as follows: 
3, 5, 8, 13 (or 14 according to Galileo) ; just as if their emall spheres were sepa- 
rated by the three rhombcidal solids. (I) The rhomb dodecahedron bhe- 
treen the inmost epheres. whiseriateswals ane-3 asi 6: (ID) The rhomboidal 
poche amcaapesiia uproar eve between the middle spheres, whose intervals are 
5 and &, and (IIT) the eube, which is not truly 
rhomboidal, but is a beginning of the rhom- 
boidal solids, between the extremes, which 
have the intervals $ and 13 (or 14). Now the 
game Marius reports the periodic times as fol- 
lows: 1 day 181% hours; 3 days 1314 hours; 7 
days 2 hours; 16 days 18 hours; everywhere 
the ratio is greater than double, and is accord- 
ingly greater than the ratio of the mtervals 3, 
5, 8, 13, or 14, but emalier tham that of the 
squares. which constitute the ratios of the 2nd 
powers of the mtervals, [555] namelv 9, 25, 
64, 169 or 196; just as aleo the *¢th powers 
are greater than the Is powers, but smaller 
than the 2nd powers. 

Therefore since the agreement of the Jovial 
satellites with the six primary plancts is #0 
exact, not only did we rightly miler above from this that the body of Jupiter 
turns around ite axis like the sun, so that the proportion holds for all its mem- 
bers; but here already, over and above that, we are confirming not mproperly 
the general statement that this rotation of the primary bodies around their axes 
is the cause of the emrcuit of the secondary bodies around the primary bodies. 
Thai (5) 1« so much the more probable because we see that, just as the sun is 
greater than all the planets which it moves, so too the Earth is much greater 
than its moon, and Jupiter than Its satellites, and for that reason, like the sun, 
ft for moving them. The remaiming probabilitaes have to Go with the moon 
again. For (6) that the bodies of the moon and earth are akin i taught us by the 
telescope, which reveals signs in the moon of mountains and of seas, such as 
they are in our glone of the Earth. Even Anstotle, elsewhere a very sharp de- 
fender of the fifth essence of the heawens, recognized this kimshtp, and. according 
to Averroes, he said that the moon seemed to be a certain ethereal Herth. lam 
silent ae to Plutarch and the other philosophers m Macrobius. 

Accordingly, just ae the kinship of their bodies makes the loadstone attract 
loadstone or tron; so aleo in the case of the moon it 1s not unbelievable that 
the should be moved by the ferresizial body which 1s akin, although neither 
in that case nor im thie case is there any contact between the bodies. And 
furthermore (7) why t tt surprising thet the moon should be moved by the 
Earth, since we see that in turn the moon also, by its passing above the wertaces 
of places, camses the ebb and fiow of the ocean on the Earth? Is not thm a 
clear enough evidence of the sharing of movements by these two bodies? 
Finally (8) the same thing ix confirmed bw the remaining part of the propor- 
tion: the sun and Earth wheel around their axes, as experience maker us 
certain—in the case of the sun, of itaeli (per s-], im the case of the moon, only 
in Copernicus—namely im order that by this rotation they mar give move- 
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ment to the planets placed around them—the sun to the six primary planets, 
and the Earth to the moon: that the moon in turn does not wheel around the 
axis [556] of its own body is argued by the spots. But why is this so? If not 
because no further planet is seen to go around the moon. Accordingly the 
moon has no planet to which it gives movement by the rotation of its body. 
Accordingly, in the moon, the rotation was left out, as being superfluous. 

If these eight arguments are not of use as taken singly, they will be of 
service as taken together. 


But does it not seem absurd that the Earth, which lacks light, should be compared 
as an equal with the sun, the source of light? For does not this quality make the 
motor force of the sun more probable? 


Even if the light [lumen] of the sun works itself up in supplying movement, 
nevertheless the body of the sun is not potent in motor force on account of 
the light alone. For there is nothing to prevent two, so to speak, subjects of 
motor virtue from being found together in the sun—light and the bodily 
affection of magnetism—and only the latter of them being present in the Earth; 
just because the Earth moves only one planet and that a very ignoble—as 
one of the secondary planets. Nor does the magnetic virtue of the Earth alone 
move it without any assistance, as we hear; nor does the Earth have this force 
wholly from itself, though the force is 7n the Earth; but, the Earth seems to 
have partly drawn off this force as by a certain canal by the continuation of 
the line from the sun into itself and especially in the illumination of its body, 
and it seems to have turned aside this force into a new source, namely into 
its own body—as was said a little while before, and will be said more clearly 
below. 


The rotation of the Earth keeps to the equatorial circle; but the movement of the 
moon, to the zodiac, which has a great declination from the equator. Therefore zt 
is not probable, is it, that the movement of the moon comes from the rotation of the 
Earth? 


This does not bother us any more in the case of the moon than in that of 
the other planets. For even if they have a declination towards certain regions 
of their own [557] and, so to speak, hold the rudder in their hands and turn 
at their judgement and sail sideways or towards the banks of the river, none 
the less they are seized by the force of the common whirlpool of motion flowing 
out from the sun; and so they have the movement of the common river to 
thank even for the distinct movement of their own, just as the moon has the 
direct movement of the Earth along the equator to thank for its own oblique 
movement through the zodiac. 


Why therefore does the moon keep its whole route along the zodiac rather than along 
the equator? 


Because in addition to the proper circuit of the moon around the terrestrial 
globe—concerning which up to now—the whole heaven of the moon is also 
moved in the movement shared with the centre of the earth along the zodiac 
around the sun, like the other planets. And it comes about from the composi- 
tion [of these movements] that with respect to the centre of the sun the moon 
always holds to a direct course eastward not only at the time when the sun 
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and the Earth, with their distances from the moon overlapping, hurry the 
full moon into the same region, but also at the time when the sun impels the 
dark or void moon forward, while the Earth—with respect to the centre of 
the sun—impels it backward. For this impulse from the Earth is still much 
less than that from the sun: wherefore it diminishes the movement’s bearing 
eastward, but does not wholly absorb it, much less turn it in the contrary 
direction. See the diagram of this composite movement of the moon in the 
Commentaries of Mars, folium 149. 

Therefore since that flow of the solar form advancing along the zodiac is 
greater, and is other than the terrestrial form, which, proceeding along the 
equator, is less; and moreover since when the moon and sun are in conjunction, 
by reason of the speed and the region of rising and setting, in the space of the 
world more is in obedience to the sun than to the Earth: I believe that hence 
it comes about that by reasons of the latitudinal regions too, the moon is 
more obedient to the solar form as the stronger—as its whole heaven around 
the sun, so also its body around the Earth—and is compelled to advance along 
the zodiac [558] or to regulate according to zodiac its own orbit around the 
Earth. 


From this does not anomaly arise in the lunar movement, if the moon at the tropic 
points advances according to the lead of the terrestrial form, because the zodiac 
and the equator are parallel at those points, but at the equinoctial points it crosses 
obliquely this form from the terrestrial body? 


Again, in order to solve this objection, I make the same answer as in the case 
of the latitudes. Namely, that the form from the terrestrial body is very 
strong in its midpart under the equator, but is weaker to the sides of the 
equator; because even at the source, namely in the terrestrial globe, the circles 
parallel to the equator, as being smaller, are set in motion more slowly than 
the equator, the great circle. Accordingly a balancing takes place: so that 
where the moon experiences a strong motor form, there it does not comply 
with the whole form but goes off crosswise—and where it complies with the 
whole form and is utterly obedient to it, there the moon experiences it weak. 
Notwithstanding, I do not proclaim anything concerning the balancing in 
all its respects, since lunar observations still disagree in very small amounts 
from any given calculations, and since it is uncertain to what that discrepancy 
should be referred. 


How too can the moon be borne around the sun in an annual movement, but the 
four satellites around Jupiter in a common duodecennial movement, so that mean- 
while neither does the moon abandon or let go of the Earth nor the four Jovial 
satellites Jupiter, of the moon is not bound by a solid sphere to the Earth, and they 
to Jupiter? 

Now the secondary planets are borne around the sun by the same virtue 
of the solar form, whereby also their primary planets, the Earth and Jupiter, 
are borne; but they would revolve more speedily than their primary planets, 
inasmuch as they are readier for movement by reason of their density, bulk, 
or weight, if they were not held back [559] and laid hold of by the Earth and 
Jupiter by means of a magnetic force similar to that with which the sun too 
is endowed. But this prehensive force, as was said above concerning the planets 
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too, is determined by the contrary virtues of the approach and withdrawal 
of the moon from the Earth; for as the Earth revolves around its axis, by this 
laying hold it makes the moon revolve but meanwhile changes the region of 
its own body with respect to which approach and withdrawal takes place. 
See the diagram on page 899. Imagine the friendly region (plagam amicam) 
of the lunar globe to be turned towards the Earth and not to be changed about 
with the contrary region. Imagine also that the Earth does not rotate around 
its axis, but is nevertheless borne around the sun: in this case the moon will 
run the same course as the Earth, and meanwhile it will be attracted by the 
Earth, until it comes into contact with it. In turn imagine the same thing 
concerning the unfriendly region: in this case the moon will flee the Earth 
until it gets outside of the sphere of magnetic virtue of the Earth: then it will 
wholly give itself up to seizure by the sun alone, and thus will wander com- 
pletely away from the Earth. 


You have said that the middle circle of the Earth is slightly less than sixty times nar- 
rower than the sphere of the moon. But this same circle of the Earth is only thirty 
times faster than the moon because the moon returns in 291% days. Therefore the 
circle of the Earth is slower than the centre of the moon around the Earth in the 
ratio of two to one. How then does a body, which proceeds more slowly, give to the 
moon a movement twice as great and twice as fast as its own movement? 


This objection does not apply uniquely to lunar movement, but generally to 
all the planets; and there is nothing absurd in it. For the solar and terrestrial 
bodies do not move [things] by contact, but by the spreading out or unfolding 
of their forms into every orbit of the movable body. Now in so far as the form 
from the terrestrial body flows out through space, it turns with the Earth, its 
source, in the same time of 24 hours, since nevertheless in that place where it 
lays hold of the moon, it is of the same amplitude as the sphere of the moon. [560] 
Therefore that form, sixty times wider than the Earth, passes through the total 
orbit of the moon thirty times in one month, although within the same interval 
the moon, following after the form from the Earth, has only one periodic return. 
And so it remains probable that the movement of that form from the terrestrial 
body moves the moon; but in such a way nevertheless that the inertia of the 
lunar body overcomes diurnally about 29 parts of the expanse of virtue and is 
overcome with respect to not more than the thirtieth. 


Why do you set down that the sun concurs with the motor form of the Earth even in 
that movement whereby the moon revolves around the Earth? 


1. Because Tycho Brahe found that the mean movement of the moon—that 
is, without the anomaly which exists in all planets on account of the eccentri- 
city of the orbit—[561] still has an anomaly or is irregular. For the moon is 
always speedier in the syzygies, as here in CD and GH, and slower in the quad- 
ratures EF and JK than the ratio of eccentricity accounts for—whether in 
either case it is in the apogee or in the perigee or in any other position on its 
eccentric circle; and—if we are to insist firmly upon Tycho’s hypothesis for 
the said variation—the moon is exactly as much faster in the syzygies as it 
is slower in the quadratures. 

But the form itself from the Earth—the form set in rotation and to be 
understood by the circle DF HK—is of uniform speed all around, as much 
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in those parts which are turning 
at the syzygies D and H as in 
those parts which are turning at 
the quadratures F and K—that 
is to say, for one and the same 
interval between the moon and 
the Earth. Accordingly other 
causes of movement which may 
be adjusted to the phases of the 
moon must be added to this 
motor form. But the phases of 
the moon are caused by the sun. 
Therefore the sun assists the 
movement of the moon around 
the Earth. 

2. Belief in this concurrence 
of the sun is strengthened by 
the fact that before this, on 
pages 917 and 918, the same sun 
was summoned in order to aid 
the speed of the Earth in revolving, by the illumination of the [terrestrial globe] 
—here represented by the middle circle AB. For from this, as in the example 
of the Earth, we first understood that even in the light of the sun there is pres- 
ent a power of quickening movement. Then from the same thing we weave a 
necessary argument even for the moon. For if, according as DF HK the form 
from the terrestrial body AB is set in whirling motion, it moves the moon; 
but the sun accelerates this whirling motion: therefore the sun will accelerate 
the moon too by means of the Earth and the acceleration of its form. 


Then thas llumination is not disposed in one way when the moon is turning in the 
quadratures F and K, and in another way when the moon is turning in the syzygies 
D and H? 


By no means. For in both cases the halves of the globes are illuminated, both 
of the Earth AB, which gives movement, and of the moon CD or GH, to which 
movement is given. Rather, it has already been said that the speed of the Earth 
from this illumination [562] is equal at both times. 


Whence then does this disparity of effect come to this accessory cause, so that it ac- 
celerates the movement of the moon very much in the syzygies D and H but not at all 
in the quadratures F and K? And what on the contrary slows the movement of the 
moon in the quadratures F and K? 


No part of celestial physics was more difficult to explain than this. And in 
order to straighten things out, where possible, we must make use of the diagram 
on this page. 

Accordingly you remember that all the circles which bound the illumination 
of the lunar globe, as CD and GH, were parts of the same number of spherical 
surfaces, into which the light coming from the sun as from a centre is spread out; 
while the circle DFHK represents the form of the terrestrial body AB at the 
center of its position, and this form moves the moon. You see that in the syzy- 
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gies D and H the form from the light CD and the form from the terrestrial body 
OCDL are joined to one another by contact (invicem applicari per contactum), 
and that at L, , N, and O they cut one another at oblique angles, so that the 
joining (applicatio) is more incomplete. But in the quadratures EF and IK the 
cutting is at right angles; therefore there is clearly no joining, since the section 
of the moon stretches towards the centre of the Earth and a mere point on the 
circle NJO corresponds to it. 

Therefore, since no other cause for the acceleration in the syzygies is appar- 
ent, we shall have to set down that a faculty strengthening the terrestrial motor 
form ODL is present in the light CD separately, not now in so far as the source 
of the light, z.e., the solar body, is rotated—this modification given by the move- 
ment was valid above, since we were speaking of the forms of the solar and ter- 
restrial bodies without any reference to light—but qua light: indeed, in accord- 
ance with the true and somehow essential configuration of light. Then if we set 
down that this form from the terrestrial body is strengthened through the modes 
of its joining to the circles (orbes) of light; we shall have at hand the cause and 
the measure of there being a very strong acceleration in the syzygies CD and 
GH, but none in the quadratures. 

[563] But since by DF HK is represented not merely the form of the terrestrial 
body as agent or mover, but also the very orbit of the moon as of the patient or 
thing moved—although at that time the Earth must not be placed at the centre 
of the circle but near by—we must conceive further either that at the syzygies 
CD and GH the lunar body is better disposed towards movement according to 
the diffusion or the surface of the light than in EF and /K, where the moon cuts 
the circles of diffusion crosswise, or that the road of the moon in D and ZH is 
made as it were slippery, but rough in F and K—as on a table with grooves 
running crosswise in the wood. And that is not very absurd. For since the power 
of strengthening the movement is present in the light, as it was laid down; surely 
where one dimension of the light stretches, it is likely that the passage is easy. 

Furthermore, as regards the effect, the same thing is said by him who says 
that the moon is accelerated in D and H and slowed up in F and K and in 
both cases in the simple ratio which these joinings (applicationes) produce, 
and by him who says that the moon is very greatly accelerated in D and H 
and none at all in F and K, but in the ratio of the squares of that which results 
from the joinings posited here. 

Unless anyone prefers to ascribe this twofold efficacy of the light to the two 
dimensions of the surface of the light; so that, although any immaterial forms 
of bodies are diffused no less than light is diffused both in longitude and in 
latitude; nevertheless those forms up to now have been effectual only with 
reference to longitude; but this [light] is effectual with reference both to 
longitude and latitude: on account of the fact that the form moves as moved; 
but it is moved only in longitude; while light strengthens as light, 7.e., ac- 
cording as it possesses its own density, both in longitude and in latitude. 


Why do you attribute the force to strengthen the motor cause to the light separately 
and outside of its reference to the rotation of its source? 


Because in so far as the form from the rotating source moves [the moon], 
it always moves it eastward in the direction C/DL; and in the beginning of 
this section we already finished with its effect [564] in moving the moon. 
But this force from the light is potent in accelerating the moon even westward 
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in the direction MNH, with reference to the centre of the sun, at that time 
namely when the moon appears to us to be void of light or in conjunction with 
the sun. Therefore the light does not by itself bring movement and direction 
together (conciliat motui plagam), but by means of the acceleration of the 
form MHN. 


If this force ts present tn light, greater force will be present in the denser light 
around GH, as being in the neighbourhood of the sun; a lesser in the more scat- 
tered light, around the full moon in CD, since it is farther away from the sun 
by a thirtieth part of the distance: therefore the new moon will be speedier than 
the full, other things being equal. 


The more perfect joining balances the weakness of the light CD, as CD is 
of a more regular concavity than GH. Therefore since the strengthening takes 
place through the joining of the forms: in the full moon the more scattered 
light, joined more perfectly, accomplishes as much as in the new moon the 
denser light, joined more imperfectly, does. Now the intervals between the 
moon and the sun which measure out density to the light and which measure 
out the curvature to the circles DC and GH are the same: wherefore the density 
is perfectly balanced in longitude by the curves CD and GH. But the effect 
of the light on one side is balanced by the diversity of the joining on the other. 
For even though CD and GH are equally curved; nevertheless in the first case 
the convex OCDL winds into the concave CD; in the second case the convex 
MGHN is turned towards GH the form from light, which is convex towards 
the Earth. 


If that addition of 183° to the 12 restitutions (synodos) in the sidereal year comes 
from the acceleration of the lunar movement in the syzygies, the magnitude of the 
acceleration must correspond too. 


Indeed in Tycho Brahe the movement [565] of the moon in the syzygies 
is accelerated only 1'26” per 1°, and is slowed 1’26” per 1° in the quadratures; 
wherefore if the slowing is effaced by the twofold acceleration, the greatest 
acceleration of the syzygies will be 2’52”. Wherefore if the sines squared of 
all the 90° bring their small portions into one sum, we shall have as the ag- 
gregate 2°9’; therefore in the sidereal year 106°22’ but not 132°45’. 

But in the first place the magnitude of the greatest variation is not very 
certain in Tycho, who exhibits it as 4014’ at 45°; and so, if the variation is 
set down as 51’, we equal the aforesaid sum—3’34"40’”" being taken as the 
acceleration of 1°, or in Tycho’s formulation 1'47”20’”, and an equal slowing 
up at 90° or in the quadratures; and thus in one quadrant the sum of 2°41’ 
is added up, and that sum will acquire great probability below, when we deal 
with the causes of the irregularities. Then if in particular we keep Tycho’s 
small magnitude, at 45°; the preceding and the subsequent magnitudes, 
distributed in another formulation than Tycho’s, could give the desired sum; 
or else there are hidden from us very minute causes, which take away some- 
thing from the 133° in the treatment of the variation. 


Then in what proportion do you think the monthly movement of the moon around 
the Earth should be distributed among those two causes, namely the form of the 
terresirial body and the circle of illumination of the bodies? 


We see that while the Earth revolves around its axis approximately 2914 
times, in the meantime the moon returns around the Earth once, namely 
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from sun to sun. So it happens that in one year or 365 days 6 hours 9 minutes 
26 seconds the moon returns twelve times and adds on more than one third 
of the thirteenth revolution, that is, 132°14’. Therefore it is likely that the 
density of matter in the lunar body is so proportioned to the archetypal degree 
[566] of strength in the form from the terrestrial body, that unless illumination 
aided the daily revolution of the Earth and also by means of this [revolution] 
aided the progress of the moon, the moon itself by reason of the simple motor 
virtue of the Earth would return slightly more slowly, that is to say, exactly 
twelve times. With this laid down, it follows that those remaining and as it 
were supernumerary 13214° of the incomplete thirteenth revolution must 
be attributed to the other motor cause, namely the illumination. 


Then you evaluate the density of the lunar body as proportioned to twelve 
lunar revolutions in one year: what will you say is the archetypal cause 
of this number? 


The cause seems to be composite of geometrical beauty and of the office 
of this planet in the world: as follows: For the moon is a secondary planet 
assigned to the Earth, and it keeps to its own private course around the Earth. 
But 360 revolutions were allotted to the Earth, while the centre of the Earth 
makes one return around the sun. Then, just as among the upper planets, 
the sphere of the moon had to be a mean proportional between the body of 
the Earth and the sphere wherein the centre of the Earth really revolves, but 
the sun apparently; so also the revolutions of the moon had to be more than 
one but fewer than 360. And indeed the mean proportional between 1 and 
361 is 19; but because the number 361 is not 360 and because 19 does not have 
any beauty either geometrical or harmonical; then the two numbers nearest 
to 19, which when multiplied together, give 360 and are the most beautiful 
geometrically and harmonically, should be chosen. Now the nearest numbers 
which give 360 are 18 and 20, because the first is smaller by unity alone, and 
the second greater than 19 by unity alone. But there is no demonstration of a 
figure of 18 sides. The numbers following nearest are 15 and 24, which also 
give 360. Now there are geometrical demonstrations of them, but rather 
worthless ones; nor do they give any outstanding ratio, [567] but only the 
ratio between 5 and 8; nor are they the most excellent and first of all in 
harmonics. But the numbers 12 and 30—for there are no others nearer which 
give 360—excel in all ways: both geometrically, as being generated from 
the first figures mscribed in the circle, and harmonically, because all har- 
monies are represented by these two divisions of the string. Then of the 
numbers which, when multiplied together, give 360, there are none more 
beautiful. 

Furthermore, a number [not] less than 12 and not greater than 30 was due to 
the revolutions of the moon; because the sphere of the moon exhibits an image 
of the sphere of the sun, it was fitting too that, just as the year, which is the 
periodic time of the sun, is divided into 360, a great multitude, so also the 
month, which is the periodic time of the moon, should be allotted parts or days 
greater in number than all the months in the year; and that the multitude 
should increase with the progress, if in the first place the year, the long time, 
were divided into 12 months, the big parts, and thence the month, the short 
time, into 30 days, the little parts; for multitude is becoming to small things. 
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And it would not have been of the same beauty, if there had been thirty months 
in the year, and each month had been of twelve days. 


How do you make it probable that the increase in the annual revolutions of the 
Earth above the number 360 and this addition to the annual movement of the moon 
beyond the twelve monthly revolutions of the moon come from the same cause? 


The very reasons of this philosophy bear witness to this thing; so that, be- 
cause the daily rotation of the terrestrial globe moves the moon, the greater in 
number and speedier the rotations are, they move the moon with greater speed, 
and make it return more often. And especially so does the comparison of the 
number of days in the solar year—365 days 6 hours and a little more—with the 
archetypal number 360 and with the number of days in the lunar year—354 days 
and a little less than 9 hours. 

[568] For since 360 days in the year—making the moon revolve 12 times— 
should have come from the archetype, but they have become 365 by the inter- 
vention of the other cause; accordingly all the revolutions have become faster 
in the ratio of 360 to 365, and in that ratio stronger with respect to moving the 
moon. But at the same time they have become greater in number, 7.e., 365. 
Therefore the faculty of the 360 archetypal revolutions should be evaluated at 
the number 360. But the faculty of these actual 365 revolutions should be 
evaluated not at the number 365, because these revolutions are faster, but at 
the number which is a third proportional, namely 370°36’50”—if we attend to 
the minutiae. But if the faculty stamped with the number 360 would have moved 
the moon so that it would have completed 12 returns with respect to the sun and 
would have ended the last of those returns at its initial position beneath the 
fixed stars: therefore, in the same proportion, the faculty evaluated at the num- 
ber 371?! will make the moon outrun the sun 12 times and go 127°10’ beyond its 
initial position: and because, after the 360 days which were in the archetype 
have been completed, the sun is still 5°10’ distant from its initial position be- 
neath the fixed stars, and because the circle, which in the archetype had been 
divided among the 12 positions of the full moons, has been narrowed by that 
interval, accordingly the addition of these 5°10’ to those 127°10’ makes 132°20’. 
See how near this reasoning comes to the truth in the astronomical tables; for 
they give the excess of the moon in the sidereal year as 132°45’, only 25’ more. 

We will also infer the same thing from the days of the lunar year, as follows: 
The motor faculty of the 360 revolutions of the Earth would have given the 
moon its twelfth return with respect to the sun and to its initial position; there- 
fore the faculty of revolutions fewer in number but so much the stronger will 
accomplish just as much. Accordingly as 365 revolutions is to 360, so the faculty 
of the 360 archetypal days is to the faculty of the 354 actual days and 19 hours, 
33 minutes. Therefore so many terrestrial revolutions, now become more in- 
tense, would have given the moon its twelfth return with respect to the sun, if 
only the intervals between two syzygies had not been contracted by the increase 
in the number of the revolutions. But because, with the insertion of the super- 
numerary days in the year, the 360th day as [569] archetypal breaks up the 
measure of contraction of the zodiac, from which 5°6’41” are due proportionally 
to the length of the lunar year; accordingly the moon too is relieved [sublevatur] 
of the same number of degrees; so that even when those degrees have not been 

1To be precise: in the actual computation Kepler uses the number 370°36’50”. 
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traversed in the expanse of the world, nevertheless the moon makes its twelfth 
return with respect to the sun. Now those degrees are equivalent to 10 hours 4 
minutes. And when 10 hours 4 minutes have been subtracted from 19 hours 33 
minutes which were found, 9 hours 29 minutes remain in addition to the 354 
days. Instead of these 9 hours 29 minutes the astronomical tables give 8 hours 
49 minutes, so that less than an hour is missing. And that small difference can 
be assigned to other minute circumstances. Meanwhile it has been proved 
exactly enough in both ways that this straying from the whole and beautiful 
numbers is due to the concurrence of the causes of the lunar movement. And the 
reason is clear why 360 is approximately a mean proportional between the 
lengths of the lunar year and the solar sidereal year. 


PAB Tnadl lal 
On THE REAL AND TRUE IRREGULARITY OF THE PLANETS AND ITS CAUSES 


From what do the planets have that name which signifies wanderers 1n this language? 


From the manifold variety of their proper movements. For if you follow the 
judgment of the eyes, that variety has no law, no determined circle, no definite 
time, if a comparison is made with the fixed stars. 


In how many ways do the planets seem to wander? 


In three ways: (1) In the longitude of the sphere of the fixed stars, which we 
said extends along the ecliptic. (2) In latitude [570] or to the two sides of the 
ecliptic, towards its poles. (3) In altitude, 7.e., in the straight line stretching 
from the centre of vision into the depth of the ether. Nevertheless this variety is 
not uncovered by the eyes alone; but reasoning from the diverse apparent mag- 
nitude of the bodies and the arcs assents to it. 


What must be held concerning these wanderings of the planets? Do they really 
wander in so many various ways, or 1s sight merely deceived? 


Even though that movement is not wholly such as meets the eyes, it is present 
in the planetary bodies themselves; but much deception of sight winds its way 
in here. Nevertheless when these deceptions have been removed by the mind, 
some irregularity of movements still remains and is really present in all the 
planets. 


Then what is that true movement of the planets through their surroundings? 


It is constant with respect to the whole periods; and proceeds around the sun, 
the centre of the world, always eastward towards the signs which follow. It 
never sticks in one place, as though stationary, and much less does it ever retro- 
grade. But nevertheless it is of irregular speed in its parts; and it makes the 
planet in one fixed part of its circuit digress rather far from the sun, and in the 
opposite part come very near to the sun: and so the farther it digresses, the 
slower it is; and the nearer it approaches, the faster it is. Finally, in one part of 
the circle it departs from the ecliptic to the north, and in the other, to the south. 
And so the planet is left with a real irregularity and one which is threefold, too: 
in longitude, in latitude and in altitude. The astronomers prove that by suitable 
evidence—concerning which in Book v1. 
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1. Tue CAUSES OF THE TRUE IRREGULARITIES 


[571] State what the ancients thought about the causes of this irregularity. 


The ancients wished it to be the office of the astronomer to bring forward 
such causes of this apparent irregularity as would bear witness that the true 
movement of the planet or spheres is most regular, most equal, and most 
constant, and also of the most simple figure, that is, exactly circular. And 
they judged that you should not listen to him who laid down that there was 
actually any irregularity at all in the real movements of these bodies. 


Do you judge that this axiom should be kept? 


I make a threefold answer: I. That the movements of the planet are regular, 
that is, ordered and described according to a fixed and immutable law is 
beyond controversy. For if this were not the case, astronomy would not exist, 
nor could the celestial movements be predicted. IJ. Therefore it follows that 
there is some conformity between the whole periods. For that law, of which 
I have spoken, is one and everlasting; the circuits or traversings of the celestial 
course are numberless. But if they all have the same law and rule, then all 
the circuits are similar to one another and equal in the passage of time. 

III. But it has not yet been granted that the movement is really regular 
even in the diverse parts of any given circuit. (1) For astronomy bears witness 
that, if with our mind we remove all deceptions of sight from that confused 
appearance of the planetary motion, the planet is left with such a circuit that 
in its different parts, which are really equal, the speed of the planet is irregu- 
lar—just as there is apparent inequality in the angles at the sun which are 
equal with respect to time. And Ptolemy himself, by setting up different 
centres in accordance with the rule of movement of eccentrics and epicycles, 
makes those circles of his to move more swiftly at one time, and more slowly 
at another. (2) [572] Finally, astronomy, if handled with the right subtlety, 
bears witness in this case that the routes or single circuits of the planets are 
not arranged exactly in a perfect circle but are ellipses. 


But by what arguments did the ancients establish their opinion which is the op- 
posite of yours? 


By four arguments in especial: (1) From the nature of movable bodies. 
(2) From the nature of the motor virtue. (3) From the nature of the place in 
which the movement occurs. (4) From the perfection of the circle. 


Will you state their argument from the nature of bodies? 


They reasoned that those bodies are not composed of the elements, and so 
neither generation or corruption nor alteration has any rights over them. 
The experience of all the ages bears witness to this: for the bodies are always 
viewed as the same and are not found to have changed at all in mass or in 
number or in form. But the movements of the bodies made up of elements are 
for this very reason various and inconstant, because the elements are variously 
mixed in the constitution of the bodies and are at war with one another within 
the mixed bodies. Therefore in the celestial bodies, where there is no such 
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mixture and no war of the elements as in mixed bodies, there is also no place 
for turbulence, none for irregularity. 


What answer do, you judge should be made to this argument? 


If the argument is speaking of disordered turbulence of movements, there 
is none such in the heavens: there are no celestial disturbances as in thunder- 
storms, 

Flame and drops of water at war with one another 

because the composition of the bodies of the world is of a very different family. 
But if the argument:is in opposition to every regular irregularity also; [573] 
then not every irregularity, certainly not that regular intensification and re- 
mission of movements, comes from the war of the elements mixed together 
in the moved bodies, nor from the bodies being mutable. For some irregularity 
arises: just because they are bodies, bodies which are moved and which give 
movement too, and because they are made up of their own matter, their own 
magnitude, and their own figure both inwardly and outwardly, and in ac- 
cordance with their magnitudes and figures they are endowed with their 
natural power too. And in accordance with their natural power they are less 
movable at a distance than at near-by, where the faculties of mover and moved 
are in agreement rather than at war. Thus by one part of its body the load- 
stone attracts iron, and by the other repels iron; not in either case on account 
of any mixture of elements, but. on account of the inward rectilinear con- 
figuration, in accordance with which the loadstone has an inborn virtue. 
Thus the same loadstone attracts more strongly iron when near-by than when 
farther away—not that when the loadstone is nearer, it has more of fire or 
Earth, but because its virtue is weakened with its distance. Nevertheless the 
celestial bodies7.e., the bodies of the world—remain everlasting and im- 
mutable as regards their total masses [moles]. For the changes which come 
about on their surfaces can bring on nothing sufficient to disturb [nullum 
momentum ad turbandos] the movements of the total masses [molcum]. And 
upon this everlastingness of the whole globes and upon the fact that in the 
world there is nothing disordered which, impedes their movements, there 
depend this regularity of the circlings, and the everlasting similarity, and the 
constant regularity, with respect to the whole cycles, of the irregularity in 
the single parts. 


Will you review the second argument of the ancients taken from the mover cause? 


They said, the motor virtues of the celestial bodies are of the most simple 
substance; they are minds divine and most pure, which do unceasingly what 
they do; they are everlastingly similar; they employ a most equal struggle 
of forces, and they are never tired, because they feel no labour. [574] And so 
there is no reason why they should move their globes differently at different 
times. And accordingly even the figures of the movements, on account of the 
very nature of the minds, are most perfect circles. 


What do you oppose to this? 


Even though the motor virtue is neither some god nor a mind, nevertheless 
we must grant what the argument intends—chiefly too in the case of that motor 
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cause which a truer philosophy brings in, namely in the case of the natural 
power of the bodies, because wherever and in so far as such a power is alone, 
it moves [a body] most regularly and in a perfect circle, and does that by the 
sole necessity of effort and by the everlasting simplicity of its essence. That 
is the case in the rotation of the solar body and. in that of the Earth too in 
especial; for this rotation comes from one sole motor cause: whether it be a 
quality of the body or a sprout of the soul born with the body. For the axis 
with its two opposite poles stays fixed; but the body revolves around the axis 
most regularly and in a circle. This would be the case still, if any planetary 
globe were always at the same distance from the sun. For it would be carried 
by the sun with utmost regularity in a perfect. circle, by means of the im- 
material form released from the solar body set in a very regular movement 
of rotation. And by reason of this same very regular movement even that 
form from the body revolves in the amplitude of the expanse of the world, 
like a swift whirlpool. 

But although so far we have granted the argument of the ancients, never- 
theless regularity of movements in every respect does not yet follow from this. 
For not only do the motor virtue and the movable body come together in the 
movements, but also the inward rectilinear configuration of the movable 
body; and in proportion to its diversity of posture in relation to the sun, 
this configuration is affected in diverse ways in the movement: in one region 
it is repelled, in another it is attracted towards the inside. The axis of the 
magnetic movable body comes in, and so does being at rest in the parallel 
posture; and from that inward repose and from that revolution coming from 
outside there results that change of posture [575] of the parts of the planet 
in relation to the sun. Finally there advenes the interval between the sun 
and the planet, and this interval varies with the attraction and repulsion. 
But when the interval has been changed and the planet comes into a denser 
or more rarefied virtue, then its movement too necessarily suffers intensifica- 
tion or remission, and the figure of its route becomes elliptical. So with refer- 
ence to the concourse of so many required things, the virtue moving the planet 
cannot be called simple, because it moves by means of different degrees of 
its form. 


What was the ancients’ argument from place? 


They considered that the region of the elements was around the centre of the 
world; the heavens at the surface. Therefore to the bodies made up of elements 
belongs rectilinear movement, which has a beginning and an end and which, 
disbursed according to the contrary principles of heaviness and lightness, brings 
any of those bodies back into its own place; and hence in proportion to different 
nearnesses to the natural place, or mark, there are different speeds, and finally 
pure rest. But the celestial bodies move everlastingly in the circular expanse of 
the world: and that argues that they are neither heavy nor light, and that they 
are not moved for the sake of rest or for the sake,of occupying a place—for they 
are always circling in their place—but that accordingly they are moved only in 
order to be moved; and so their movement must be regular, and the form of 
their movement must be other than rectilinear, namely suited to an eternity of 
movement, that is, returning into itself. 
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What answer do you make to this third argument? 


Not every irregularity of movements comes from heaviness and lightness, the 
properties of the elements; but some comes from the change of the distance too, 
as is clear in the case of the lever and the balance; and this cause produces in- 
tensification [576] and remission of movements, as has been explained so far. We 
must however remark that there is nevertheless some kinship between the prin- 
ciples of heaviness and lightness in the elements and the natural inertia of the 
planetary globe with respect to movement, but no irregularity of movement is 
explained by this kinship. 

But as regards the figure of the movement, the argument concludes nothing 
more than we can grant, namely that the movement bends back into itself: And 
not only the circular but also the elliptical are of such a kind; and so the as- 
sumptions are not denied. For in truth bodies which revolve around their axes 
are moved only in order that by their everlasting motion they may obey some 
necessity of their own globe—some bodies indeed in order that they may carry 
the planets around themselves in everlasting circles. 


State the fourth argument of the ancients which was taken from the circular figure. 


They philosophized that of all movements which return into themselves the 
circular is the most simple and the most perfect and that something of straight- 
ness is mixed in with all the others, such as the oval and similar figures: accord- 
ingly this circular movement is most akin to the very simple nature of the bodies, 
to the motors, which are divine minds—for its beauty and perfection is some- 
how of the mind—and finally to the heavens, which have a spherical figure. 


How must this be refuted? 


To this I make answer as follows: Firstly, if the celestial movements were the 
work of mind, as the ancients believed, then the conclusion that the routes of 
the planets are perfectly circular would be plausible. For then the form of move- 
ment conceived by the mind would be to the virtue a rule and mark to which 
the movement would be referred. But the celestial movements are not the work 
of mind but of nature, that is, of the natural power of the bodies, or else a work 
of the soul acting uniformly in accordance with those bodily powers; [577] and 
that is not proved by anything more validly than by the observation of the 
astronomers, who, after rightfully removing the deceptions of sight, find that 
the elliptical figure of revolution is left in the real and very true movement of 
the planet; and the ellipse bears witness to the natural bodily power and to the 
emanation and magnitude of its form. 

Then, even if we grant them their intelligences, nevertheless they do not yet 
obtain what they want, namely the complete perfection of the circle. For if it 
were a question only of the beauty of the circle, the circle would very rightly be 
decided upon by mind and would be suitable for any bodies whatsoever and 
especially the celestial, as bodies are partakers of magnitude, and the circle is 
the most beautiful magnitude. But because in addition to mind there was then 
need of natural and animal faculties also for the sake of movement; those facul- 
ties followed their own bent [ingenium], nor did they do everything from the 
dictate of mind, which they did not perceive, but they did many things from 
material necessity. So it is not surprising if those faculties, which are mingled 
together, could not attain perfection completely. The ancients themselves admit 
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that the routes of the planets are eccentric, which seems to be a much greater 
deformity than the ellipse. And nevertheless they could not guard against this 
deformity by means of the province of those minds of theirs. 

Now I have often reminded you that while I deny that the celestial move- 
ments are the work of mind; I am not at that moment speaking of the Creator’s 
Mind, which all things indeed befit, whether circular or elliptical, whether ad- 
ministered and represented by minds or compelled by material necessity from 
the beginnings once laid down. 


2. ON THE CAUSES OF IRREGULARITY IN LONGITUDE 


[578] Then what causes do you bring forward as to why, although all the routes of the 
primary planets are arranged around the sun, nevertheless the angles—in which as 
af from the centre of the sun, the different parts of the route of one planet are viewed— 
are not completed by the planet in proportional times? 


Two causes concur, the one optical, the other physical, and each of almost 
equal effect. The first cause is that the route of the planet is not described around 
the sun at an equal distance everywhere; but one part of it is near the sun, and 
the opposite part is so much the farther away from the sun. But of equal things, 
the near are viewed at a greater angle, and the far away, at a smaller; and of 
those which are viewed at an equal angle, the near are smaller, and the far away 
are greater. 

The other cause is that the planet is really slower at its greater distance from 
the sun, and faster at its lesser. 

Therefore if the two causes are made into one, it is quite clear that of two arcs 
which are equal to sight, the greater time belongs to the are which is greater in 
itself, and a much greater time on account of the real slowness of the planet in 
that farther arc. 


But could not one cause suffice, so that, because generally the orbit of the planet 
draws as far away from the sun on one side as 1¢t draws near on the other, we might 
make such a great distance that all this apparent irregularity might be explained 
merely by this unequal distance of the parts of the orbit? 


Observations do not allow us to make the inequality of the distances as great 
as the inequality [579] of the time wherein the planet makes equal angles at the 
sun; but they bear witness that the inequality of the distances is sufficient to 
explain merely half of this irregularity: therefore the remainder comes from the 
real acceleration and slowing up of the planet. 


What are the laws and the instances of this speed and slowness? 


There is a genuine instance in the lever. For there, when the arms are in equi- 
librium, the ratio of the weights hanging from each arm is the inverse of the 
ratio of the arms. For a greater weight hung from the shorter arm makes a 
moment equal to the moment of the lesser weight which is hung from the longer 
arm. And so, as the short arm is to the long, so the weight on the longer arm is 
to the weight on the shorter arm. And if in our mind we remove the other arm, 
and if instead of the weight on it we conceive at the fulerum an equal power to 
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lift up the remaining arm with its weight; then it 1s apparent that this power 
at the fulerum does not have so much might over a weight which is distant as it 
does over the same weight when near. So too astronomy bears witness concern- 
ing the planet that the sun does not have as much power to move it and to make 
it revolve when the planet is farther away from the sun in a straight line, as it 
does when the interval is decreased. And, in brief, if on the orbit of the planet 
you take ares which are equally distant, the ratio between the distances of each 
arc from the sun is the same as the ratio of the times which the planet spends in 
those arcs. Thus let the centre of the sun or world be represented by the fulcrum 
of the lever, and its motor power by one arm and the weight on it—and we have 
already given the order to dissemble the arm and the weight, and mentally to 
reduce them to the fulcrum; but let the planet be represented by the weight on 
the remaining arm, and the interval between the sun and the planet, by the arm 
for that weight. 

[580] Let AC be the lever, D and B the w eights hanging from C and A, FE the 
fulcrum, and FEC and FEA right 
angles. As CE is to EA, so is the 
weight B on EA to the weight D 
on EC. Remove mentally HA, and 
let the power formed through HA 


by the weight B be the power of A 
the fulcrum E; accordingly this 
power of the fulcrum £ will keep B 


the weight D, hung from C, in hori- 
zontal equilibrium, that is, so that 
FEC will be a right angle. But if 
this same weight, pulled away from C, approaches as near as G, then the same 
power of # will have more might over this weight, and will lift it up above the 
line EC. 

Now let £ be not the fulcrum but the sun, and let D be the planet; and HC 
and EG the different distances of the planet from the sun. Accordingly observa- 
tions bear witness that as EC is to EG, so is GK, the forward movement of the 
planet when nearer at G, to GI or CH, the forward movement of the planet 
when farther away at C. 


Then do you attribute weight to the planet? 


It was said in the above that we must’ consider that instead of weight there 
is that natural and material resistance or inertia with respect to leaving a place 
once occupied; and that this inertia snatches the planet as it were out of the 
hands of the rotating sun, so that the planet does not yield absolutely to that 
force which lays hold of it. 


[581] What is the reason why the sun does not lay hold of the planet with equal 
strength from far away and from near-by? 


The weakening of the form from the solar body is greater in a longer outflow 
than in a shorter; and although this weakening occurs in the ratio of the squares 
of the intervals, 7.e., both in longitude and in latitude, nevertheless it works 
only in the simple ratio: the reasons have been stated above. 
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3. THE CAUSES OF THE [RREGULARITY IN ALTITUDE 


But what pushes the planet out into more distant spaces and leads tt back towards 
the sun? 

The same which lays hold of the planet, the sun, namely, by means of the 
virtue of the form which has flowed out from its body throughout all the spaces 
of the world. For repulsion and attraction are as it were certain elements of this 
laying hold. For repulsion and attraction take place according to the lines of 
virtue going out from the centre of the sun; and since these lines revolve along 
with the sun, it is necessary for the planet too which is repelled and attracted 
to follow these lines in proportion to their strength in relation to the resistance of 
the planetary body. So the contrary movements of repulsion and attraction 
somehow compose this laying hold. ) 


Do you atiribute to the simple body of the sun and. to tts tee form the opera- 
tions of attraction and repulsion which are contrary and so not simple? 

The natural action or évépyera of moving [582] the planetary body for the 
sake of assimilation or of bringing it back to its primal posture is one [in num- 
ber]; but it seems to be diverse on account of the diversity of the object. For 
only in one region is the planetary body in concord with the solar body; in the 
other region it is discordant. But it belongs to the same simple work to embrace 
like things and to spit out unlike things. This opinion is strengthened by the 
ease of magnets; for though they are not celestial bodies, nevertheless they do 
not have that biform virtue from the composition of elements but from a simple 
bodily form. 


Therefore the planetary body ttself will be composed of contrary parts? 

No, indeed. For it follows only that the planetary globe has an inward con- 
figuration of straight lines or threads, like magnetic threads, which happen to 
be terminated in contrary regions; and in one of these regions, not on account 
of the body itself but on account of its posture in relation to the sun, there 
reigns friendship [famzliarztas] with the sun; and in the other region, discord. 


But isn’t tt unbelievable that the celestial bodies should be certain huge magnets? 

Then read the philosophy of magnetism of the Englishman William Gilbert; 
for in that book, although the author did not believe that the Earth biwha 
among the stars, nevertheless he attributes a magnetic nature to it, by very 
many Aroaments, and he teaches that its magnetic threads or flaments extend 
in straight lines from south to north. Therefore it is by no means absurd or in- 
credible that any one of the primary planets nome be what one of the primary 
planets, namely the Earth, is. 


[583] Granted that the planet has an inward rectilinear magnetic configuration: 
then what is rt that makes the planet turn one region of its body after another 
towards the sun? It does not turn its threads about, does it? 

By no means: rather we should ask what it is which keeps the planetary body 
from removing its own magnetic axis from the posture which it has once taken 
with respect to the parts of the world, although nevertheless its body, like the 
terrestrial body, revolves around its axis and at the same time is moved out of 
its place and is transported in a circle around the sun. For out of this direction 
of the magnet towards the same region of the world during the whole circuit and 
out of the transportation of the body from place to place around the sun there 
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is compounded, as out of two elements, the following effect: that the planetary 
globe changes the posture of its regions with respect to the sun. See the diagram 
on page 939. 


What examples are there of this change? 


Again there is a familiar example in the magnetic compass, namely where 
the iron needle has been magnetized. For into ; 
whatever place it may be transported, the Vw 
compass needle always looks towards the we 
north. And so if, carrying the compass, you = 
march around some castle, then at one time 


the head and at another time the tail of the Yj 

YY 
needle looks towards the castle, [584] because ea iy 
in every part of its circuit the head always VD) >} 


looks towards the north. 

There was another astronomical example 
above in the third book, when we said that 
while the Earth revolves around the sun, the NOLAN 

ili N 
axis of terrestrial rotation remains in the same A 


everlasting parallel posture—folium 248. 


Then what causes do you assign for the pointing of the magnetic threads of the 
planetary body towards the same region of the world throughout the whole circuit 
of the planet? 


The same as were indicated in Book 1, folium 116', by which the axis of terres- 
trial rotation is made steadfast. For firstly the parallel posture of the threads 
manifests a certain sameness, which is rest rather than motion. The cause of that 
does not seem to be any natural power which is positive or active, but rather one 
which is privative of all movement. And so that natural inertia of matter with 
respect to movement seems to have an inward rectilinear configuration and to 
be extended in accordance with these threads or to be rendered stronger and 
more unconquerable by the condensation of parts in a straight line. 

But if this is not probable: then let there be [two] distinct dévvayia or 
powerlessnesses; the first belongs to all matter considered to be without inward 
configuration: and it enables the planet not to depart from its own place, 
unless it be drawn forth from the outside, namely by the sun. The second 
belongs to the planetary body according as it has a configuration of straight 


1There are three possible causes. (1) Since the form of the turning is joined to the globe and 
is directed towards a definite region and not towards all indiscriminately, it follows with geo- 
metric necessity that the axis of this turning is directed constantly towards the lateral regions 
as long as the middle circle of the turning does not stray from its own region. (2) There is a 
private cause of motion, namely the natural inertia of the matter of the globe, due to the 
dragging of the axis, which necessitates force to turn it aside from its position; since, however, 
no power of motion is brought to bear against it, it remains at rest in its position. (3) There 
is an internal, positive, natural power in the rectilinear threads, which are parallel to the axis, 
to maintain them in their original position. For the power of movement nests in these threads 
of the entire globe; they are distributed circularly around the axis with equal strength on all 
sides and by means of them this power turns the body. Thus therefore in turn the axis, main- 
taining itself in its proper direction through a natural constancy fixes also the region of the 
turning, with the result that because of the inclination of the axis, the circle of the movement 
is also necessarily inclined. 
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threads on the inside, and by reason of it these threads are kept safe so that 
they are not deflected by the revolution of the body or moved out of their 
posture. Finally the philosophizers are free to determine whether what I have 
just spoken of is merely an dévvapia or a divapis 


You define this advvayia or divayis merely by the preservation of the posture. But 
what if something else were absent, and that divays looked towards some other fixed 
parts of the starry heavens? 

In Book 1, page 116, when it was a question of the axis of terrestrial 
rotation which is similarly immovable, an answer was given as to why such a 
thing should not be thought of: namely because there is no reason why the 
axis should point towards some empty point in the heavens rather than to- 
wards some star, and why in this direction rather than in that; and because 
these planetary threads, no less than the axis of terrestrial rotation above, 
are found in the succession of ages to swerve slightly and thus to desert their 
original stars of reference [fizas pristinas] and to slope towards other succeeding 
stars, as can be judged in general. For that movement is so very slow that 
within the 1400 years from Ptolemy to us this cannot be safely enough af- 
firmed of all the planets. 


Perhaps those axes of rotation of the bodies play the roles of the threads which 
you bring in here instead of librations 


The axis of the daily rotation of the earth—of which I have spoken in the 
doctrine of spheres—forever points in longitude towards the beginnings of 
the Crab and of the Goat. For this axis prolonged in both directions marks 
out the poles of the world, as in Book 11, page 150. But the arc drawn from the 
pole of the world perpendicular to the ecliptic passes also through the poles 
of the ecliptic: therefore it is the colure of the solstices and marks out the 
beginnings of the said signs. 

But the threads by which the Earth is repelled from the sun or attracted 
pass from sign to sign. The aphelion [586] of the Earth was formerly in the 
Archer, but now it is at 6° of the Goat. Therefore the axis of rotation of the 
Earth and the thread which changes the interval are different. 


Then it seems that the Earth nevertheless should be at its greatest distance in the 
beginning of the Goat. For if the whole body of the Earth rotates around that azis, 
the thread will be rotated too, in so far as it differs in posture from the axis, and 
at will describe as it were two cones with their vertices meeting at the centre of the 
Earth, and only at one moment of the day will it look towards its proper place: 
during the rest of the day it will revolve around the beginning of the Goat pointed 
out by the axis of the Earth. And thus it will pile up all its own force at this axis, 
and by a certain as tt were spiral line will draw the Earth away from the sun and 
always towards the region pointed at by the axis. 


Certainly in this way, by the tight connection of the thread with the axis 
of daily movement, what is spoken of would take place, and the apsis of the 
Earth would never depart from the beginning of the Goat. Or else we are 
therefore compelled to admit that the globe is inside an outer crust: in such 
fashion that the crust rotates during the daily movement, while the globe 
having the threads does not rotate; and the ordinary magnetic virtue belongs 
to the outward crust, because it always shows the poles of daily rotation but 
not the apsis of the sun or Earth. 
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Whence let some physicist come to the help of J. C. Scaliger, who argues 
about the rising of rivers and the ebb and flow of the sea; and let the physicist 
see if these separated bowels of the Earth can aid him in his labour. Even 
though the moon and the soul of the Earth are sufficient for me. 


If the planetary globes have an inward rectilinear magnetic configuration, why 
do you not rather ascribe to them themselves the reason for their fleeing from the 
sun and approaching the sun, in proportion to the diversity [587] of the regions 
of their body, as was done in the Commentaries on Mars? 


1. Because astronomy bears witness that this drawing away from the sun 
and drawing near to it takes place in a line so to speak extended towards the 
sun, in so far as the intermingled revolution does not vary the line. But the 
magnetic threads are rarely stretched out towards the sun. 

2. Because two very diverse things would be attributed to those magnetic 
threads. For first, they would point towards the same region of the world— 
which is something like rest; then they would move their body in place, now 
away from the sun, now towards the sun. But by means of repulsion and attrac- 
tion this [movement of approach and withdrawal] is united more simply with 
the laying hold and making bodies revolve, which the sun furnishes. 

3. Furthermore, it is more probable that the form of the solar body and its 
virtue continue as far as to the planets than that their form and virtue continue 
as far as to the sun, so that, when repelling it, they flee, and when attracting it, 
they seek. For the sun is a huge body; while a planetary body is quite small. The 
light and heat of the sun manifestly descend to us; the sun makes the planets 
revolve. Accordingly before this, things were clear concerning other virtues of 
the sun. But we do not have such and so evident testimony concerning the pro- 
longation of planetary virtue as far as to the sun. 

4, It will be shown below that the threads of the body suffer some slight de- 
flection on account of the sun. Therefore it is probable that the libration of the 
whole body also comes to it from the sun rather than that.it is inborn; that is, 
it is a passion from another, not an action or movement from the planet itself. 


But would you set down that this virtue is at least shared between the sun and the 
planets and that the force of repulsion and attraction passes back and forth from one 
to the other, just as it 1s shared between two magnets? 


No: rather this is the fifth reason why this repulsion and attraction is not at- 
tributed to the planets themselves: in order that there be no mutual attraction 
and repulsion according to [588] the very institute of the Creator, who does 
nothing in vain. Therefore, if the virtue of the planet extended as far as to the 
sun, then the planets, in the direct ratio of the bodies, would move the sun out 
of the position which it occupies at the centre of the world, or at least the sun 
ought to stagger, attracted now in this direction, now in that, according as many 
planets having a like faculty assail the sun from one side. 


You seem not to avoid the following inconveniences: for the sun, leaning against the 
form and virtue of tts body as against a pole and pushing the planets, pushes ttself 
out proportionally, and drawing the planet as it were with its claws, 1t similarly 
draaws itself to the planet? 


We have avoided this in every way by denying mutual attraction and repul- 
sion. For firstly, neither the shape [forma] nor lay out [dzsposztio] of the bodies 
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will be directed towards this, if such a virtue of the planet [589] does not extend 
to the sun. Then something such does not actually follow—as though short of 
the Creator’s design—from material necessity alone. For the bulk is so great, the 
density of matter in the solar body is so great, and its force of attraction and 
repulsion is so great; and in turn the weakness of the planet and the weakness 
of its resistance are so great; that the sun is in no danger of losing its position. 
Thus when a ship sticks fast in the sands and cannot be torn away and moved 
from its place except by two hundred horses, nevertheless one hundred horses, 
though they are half of the required virtue, do not move forward half of the 
lone thing, because there is no mean half-way between the moved and the not- 
moved, since they are contradictory. 


State a convincing hypothesis as to how any planet completes its circuits and ts 
meanwhile attracted and repelled. 


Let us begin with that moment when the magnetic threads offer their sides to 
the sun, so that both extremeties 

sepaetenesprstesege, bh of the threads are equally distant 

eat a from the sun; and this takes place, 

a Paw =) Psa ty by the foregoing diagram, at A 

/ % *S \\ the greatest distance of all: at this 
A S a) “time the sun is neither repelling the 
/ \ planet nor attracting it; but, as if 
hesitating between both, it never- 

Y\ UW, theless lays hold of the planet; and 

by means of the rotation of its 
body and the flowing out of its 
\ i * form, the sun makes to move for- 
\ Ss () / ward from A to B the planet which 
: <n S e- P it has laid hold of, and the sun over- 

y, comes its resistance and in turn is 

\ ye overcome by the planet, so that the 
ff Gfissicy polacd gcyst sun lets it fall, so to speak out of 
ee naa its hands, 7.e., out of the preceding 

rays A of its form and virtue, and 

takes it up again with the following 

rays H, and does so in the fixed ratio of the virtue of the form in that interval. 
In this way the planet is moved forward, while in the meantime the magnetic 
threads, by the force of direction, look towards the same region of the world, in 
such fashion that the region friendly to the sun is gradually turned towards the 
sun, and the discordant bends away from the sun: at that time therefore the 
globe begins to be attracted—only a little, if there is little difference between 
the distances of the extremities from the sun: by this attraction the planet will 
go, from the wide circle begun at A, gradually inward to B and will betake itself 
towards the sun, as if into a narrower circle and a stronger, because denser, 
virtue [590] of laying hold: hence it frees itself less easily from the virtue and so 
is moved on more speedily. This attraction, which is very slow at the start very 
near to A, is very rapid at the time when the sun has the whole friendly hemi- 
sphere of the planet within its view, but the whole discordant hemisphere is 
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hidden behind the planetary body, 7.e., when the magnetic threads point in a 
straight line towards the sun; and that takes place around C, a quarter of the 
whole circular ambit. Thence around D once more this attraction towards the 
sun becomes more lax; but the velocity of the progress along the circle continues 
to increase, because the interval between the planet and the sun is still decreas- 
ing on account of the attraction. This relaxing of the attraction amounts to al- 
most nothing in the beginning after C; soon, it is felt more and more, the more 
the unfriendly part of the planet thrusts itself out and offers itself to the view of 
the sun, towards D, until half of the circuit has been traversed and once more 
both hemispheres of the revolving globe regard the sun equally. For at that 
time all attraction stops, and the planet is very near to the sun, and so is very 
speedy, because it is struggling with a very dense and a very strong virtue of 
laying hold and frees itself hardly at all from that encompassing virtue. 

But immediately the globe is borne beyond this place FE on its orbit towards 
E, because already the discordant hemisphere is nearer the sun than the friendly 
hemisphere and is advancing more and more towards the sun. The planet too 
begins to be pushed away from the sun, as though out of a narrower and denser 
sphere of solar form into a wider, more rarefied, and weaker sphere. Whence the 
decreases in its movement follow, and in the contrary order: first, slowly, after 
E towards F’; then, where the whole discordant hemisphere or region of threads 
points in a straight line towards the sun, but the unfriendly region is turned 
away from the sun: the planet is repelled very swiftly, but its movement has now 
once more slackened to middling. This again takes place around G the other 
quarter of the circuit. When the planet has been borne farther towards H, this 
repulsion again slackens, until it completely disappears at A, where the planet 
has returned to its primal place and has been repelled to its greatest distance 
from the sun. 


[591] But zt 2s unbelrevable that the planet—this freedom allowed—should, after 
completing its return, be restored to exactly the same distance. 


Doubtless this is at last a good place for that pronouncement of Ptolemy’s 
written out above, where he reminds us that nothing takes place in the heavens 
which hinders the natural movements of any body or which makes the bodies 
stray as it were from their foot-paths. And so, if such laws of movement have 
been instituted by nature that the planet return unto itself most exactly, then 
this will most certainly take place, although without the shackles of spheres, 
in the free ether. But the laws were made as we described them. For the halves 
of the circuit are equal to one another—the one in which the planet is attracted 
and the other in which it is repelled. Equal times are taken by both halves. 
Moreover, the virtue of the sun is the same and everlasting—both as attracting 
and as repulsing. And it has the same ratio to the planetary inertia, which 1s 
always the same, because in an everlasting body. Accordingly it does as much 
by attraction in one half, as it does by repulsion in the other. Why then should 
we be doubtful concerning the restitution of the planetary body to the original 
distance within one period of time? 

Also in these terrestrial and violent movements, are not the movable bodies 
separated from that which was the cause of movement, as in scorpions, ballistae, 
catapults, bombardae, and slings? And weapons hurled fly through the free air, 
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and nevertheless they reach their appointed place. And, for a wonder, there are 
some sclopetarii and slingers with a sureness of aim that cannot be imitated. 
If in this case the form of that movement—which movement was in the thrower 
at the movement of throw and was directed towards a fixed region—the form 
impressed into the movable body for a short time and vanishing has such power 
that, as long as the movable is carried by a form which has not yet become 
completely feeble, it does not cease to strive for its appointed region: by how 
much firmer defences will the certitude of the celestial returns be protected, 
which are governed [592] by the inward and plainly united and hence everlast- 
ing threads of the movable thing—since in the first case the air disturbs the 
movement by its impact and encounter; and in the second case the density of 
the ether to be passed through is clearly nil in effect or else has a very slight 
effect. 


Why are not the librations of the different planets in the same ratio to their mean 
distances, that 1s, why is the eccentricity of Mercury greatest, next, that of Mars, 
and then those of Saturn, Jupiter, and the Earth, while that of Venus is least? 


The instrumental cause is the different strength of the threads, whether that 
is produced by nature or by posture. But the final cause is the same as that of 
the eccentricities themselves, namely in order that by reason of these eccen- 
tricities the movements of the planets should become very fast and very slow 
in such measure as would suffice for the harmonies to be exhibited through 
them. Book v of my Harmonies has to do with this. 


There remains one difficulty with respect to the direction of the threads towards the 
same region of the world. For since you said that one region of the threads has 
friendship with the sun, and the other 1s tn discord with the sun, so that in con- 
formity with the former or the latter region the sun eather attracts or repels the body of 
the planet, tt seems that the sun has the power over the planet to do what is less, 
namely to move these threads out of their parallel posture and to turn them towards 
itself, before the planet is transported into a position from which the threads can 
look towards the sun. 


There is nothing absurd in something like this taking place, so that the sun 
struggles with the direction of the threads, just as it struggles with the inertia 
[593] of the body with respect to movement in place—provided we keep in mind 
that the sun accomplishes less with respect to deflecting the threads than in 
moving the whole body in place, just as it also accomplishes less in respect to 
attracting the planet. And this tempering pertains to the Creator’s plan, lest 
the planets should come into contact with the sun, if they were not transported 
into the opposite half of the circuit in a shorter time than the whole interval of 
time which could be spent in the direct attraction of the thread. 

Therefore, since the circling of the planet around the sun forestalls the de- 
flection of the threads, hence, although in one quadrant of the circuit the threads 
deflect somewhat towards the sun in their friendly region, and away from the 
sun in their discordant region; nevertheless, because the planet is transported 
into the other quadrant before the deflection of the threads becomes total, it 
follows equally that there is a change in the posture of the contrary regions, 
which are turned towards the sun, just as if the threads were not deflected; 
therefore in the remaining quadrant the sun by the same force gives a counter- 
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deflection in the other direction to the planetary threads, which lie in the con- 
trary position and turn their unfriendly region towards the sun. And so by the 
earlier contrary deflection the sun again restores the planetary threads to their 
parallel posture. In Book v this deflection and counter-deflection become the 
principal means of calculation. 


Could you cite a common example of this direction and mixed sloping of the threads? 


There is an example in the magnetic needle. For although it looks towards 
the north if it is free, nevertheless it is somewhat deflected from the north if a 
magnet approaches obliquely: for then it bows somewhat towards the magnet. 


What things are required for the perfect restitution of the threads to the parallel 
posture? 


That the sun expends as much of its forces in deflecting—say, through the 
quadrant PIN, attracting H the solipetal region 
of thread downward from line JS towards itself— 
as it expends in restoring, as through the quad- 
rant NER, drawing back G the same region of 
thread upwards towards line SY, which is nearer 
to itself. But this can take place only if, with PR 
as the line of the apsides and PN and NF as full 
quarters of the orbit, VQ the thread of the planet, 
situated at N, the limit of the quadrants, points 
precisely towards the sun A. For even though, in 
the upper quadrant PN, the sun A administers 
this deflection STH, BNQ, at long distances AP, 
AT, etc., and so with a feebler virtue, but in the 
lower quadrant VR at the short distances AS, AR 
and so with a stronger virtue; yet in turn the 
planet delays longer in the upper quadrant PN 
and undergoes those feeble forces of deflection 
for a longer time; while in the lower quadrant NR 
the planet makes a shorter delay and has a 
shorter time in which to undergo the strong 
forces which counteract the deflection. And there is perfect counterbalancing. 
For the same perfect counterbalancing can also cause that at N, one and the 
same limit of the quadrants, the distance 4N—in the rightly drawn orbit— 
should be equal to the semidiameter BP—as will be made clear in Book v. 


But what if the planet were to direct the thread NQ towards the sun not precisely 
after traversing PN the upper quadrant of the orbit but at some later time? 


Here the burden of proof is on the opposition. For where the thread points 
towards the sun is the limit of the quadrants, which are measured from the ap- 
sides. For JH, the deflection of the thread with respect to the perpendicular JS, 
is always increasing, as long as the thread H seeks the sun. But the increment 
of libration increases with it—the effect with the cause. 

[595] Therefore if, in this work of attraction of the planet towards the sun, 
more than a quadrant of the orbit is traversed with reference to the fixed 
stars; then more than a quadrant will have to be traversed by the planet in re- 
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storing the right angle between the thread and the sun at FR and in the effect [of 
the restoration], or the remaining part of the libration, whereby the planet is 
brought from the nearness NA to the nearness RA, by the same degrees of in- 
crements which are now decreasing in the contrary order. 

Therefore, when the quadrants are added together, their excess over the semi- 
circle shows the magnitude of the change in direction of the threads under the 
fixed stars in half of one period, or the magnitude of the transportation east- 
ward of B the centre of the orbit and PR the line of the apsides. Therefore if 
this magnitude is subtracted from that which is more than half of the orbit as 
estimated with respect to the fixed stars, there will remain not more than half 
of the elliptic orbit as reckoned from the apsis P. 


Then do the apsides abide, or are they transported from one place to another under 
the fixed stars? 


In the case of Jupiter the comparison of observations made by the ancients 
with those of today bears witness that the apsides stand approximately under 
the same fixed stars, or retrograde very little. But in the case of all the remain- 
ing planets, the apsides are found to have left their original seats, by a move- 
ment in the direction eastward—as in'the case of the apogee of the moon—but 
in the case of the planets by extremely slow movements, though the apogee of 
the moon progresses quite perceptibly. 


What 1s the reason why in the case of the primary planets, the threads are found so 
perfectly restored—after the whole periodic returns have been completed—that the 
progress of the apsides 1s amperceptible? 


Because it is the same sun which gives a libration to the planetary body and 
which deflects and restores its threads; and be- 
cause in both acts it is the same threads by which 
as by instruments the planet is given a libration 
and is deflected: then there is no cause why the 
forces for both acts should not be measured out 
through equal times. For just as the planet, 
which points its thread NVQ directly [596] at the 
sun, would at some fixed time be joined even in 
contact with the'sun, if it did not leave the line 
NA; so too the same planet, placed at the same 
N and, by a fiction, directing its thread at right 
angles to the line NA, would be turned around 
together with its thread in a fully equal time, so 
that in the end it would direct the thread NQ 
towards the sun. But just as to the libration there 
is added a third work, namely the moving of the 
planet out of its posture AN, so that the thread 
NQ no longer points towards the sun and hence 
is not attracted with the same strength towards 
the sun—and in this way it is seen too that full 
contact does not take place by a movement along NA, but is forestalled by the 
transportation from N to R, and the planet gets no nearer than RA; so too this 
same transportation of the planet from N to R anticipates this deflection of the 


944 KEPLER 


thread, so that the thread will point at the sun long before it could have been 
rotated a whole quadrant by the sun; and so, instead of the quadrant of rota- 
tion, no more than are Q// is needed. But the angles of the past deflections, or 
the virtue expended in them, are measured by the sines—as will be made clear 
by examples of natural things in Book v. Wherefore as PB the total mean dis- 
tance—or in the ellipse, NA—is to BA the magnitude of half the libration—the 
work of one quadrant; and this magnitude is the same as the eccentricity—so 
also NQ the semidiameter of the planetary globe, which is employed as the 
whole sine, will be to the sine of 1/NQ the angle of greatest deflection; and 
AITNQ will be the angle of greatest deflection at the time when, by the trans- 
portation of the planet, a quadrant from P the place of greatest distance PA 
has been exactly completed. 

But with the assumption of this proportion, it is demonstrated that the 
thread VQ points towards the sun A at the time when PN is a quadrant under 
the fixed stars, precisely. For let AN be equal to PB, [597] as in the ellipse; and 
let B be the centre of the eccentric circle, and ABN a right angle, because its 
measure VR is a quadrant. Now from Q the solipetal limit drop the perpendicu- 
lar QM upon BN. Two right triangles ABN and QM N are formed. And because 
itisassumed that NQ:QM ::NA: AB, then N,Q, and A will bein one straight 
line, or Q will point towards the sun. 

But it has already been demonstrated above that if, when PN a quadrant 
under the fixed stars has been completed, the thread Q of the planet points 
towards the sun, so that BN@Q is its angle of deflection; then it follows that in 
NR the other quadrant under the fixed stars the thread NQ is restored and 
BNQ the angle of deflection is annulled. Hence when the planet stands at R, the 
thread is once more parallel to BN, as it was at P. And this restitution of threads 
is complete after the semicircle has been traversed. Let the same judgment ap- 
ply to the other semicircle; for when that has been traversed, the planet returns 
to the same position ualen the fixed stars. | 


But since experience bears witness that the apsides are transported wmperceptibly, 
and do noi remain under the same positions among the fixed stars; then tt follows 
that NQ looks towards the sun at not precisely a quadrant from P the original posi- 
tion of the apsis. What is the cause of this straying from the already established 
ratio of regularity? 

It seems that the imperceptible slowness of these movements must be sought 
for in material necessity—if anything else is—namely in the straying of the said 
movements, the libration and deflection, from one another through the inter- 
vention of a third movement. For it diffuses itself in an infinity of time, which 
has no beauty, as being indeterminate. But it is difficult to state what the inter- 
vening cause is: because all astronomers are not decided about the thing itself; 
nor, for most of them, does the thing have any fixed magnitude. But with mag- 
nitude removed, we lack any means of examining the causes (which some one 
might have searched into by conjecture) of whatever sort of latitudinal digres- 
sion the planets may have away from the ecliptic. For the digression does not 
take place without the deflection of the threads NQ to AN the ray of the sun— 
a deflection as great as the digression of each planet. [598] It is consonant with 
such a greater or lesser deflection that the work of the threads should be some- 
what weakened—and that variously, in proportion to the varying relation of 
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the digressions to the apsides. In Saturn, Mars, Venus, and Mercury the mean 
longitudes! have some latitude, but none in Jupiter; and the apsides of Saturn, 
Mars, Venus, and Mercury progress in that proportion, while those of Jupiter 
stand still. Therefore since in other respects the force to deflect the thread of the 
planetary body becomes greatest at the apsides P and R, where the thread is 
presented to the sun at right angles, it is believable that this force becomes 
slightly weaker on account of the latitude. And the reason the force does not 
suffer the same loss from the libration too is that there the libration is almost 
nil in itself. In turn, the force of deflection at N is almost nil, while the libration 
is greatest: therefore the force of deflection suffers loss from libration here but 
not there, in proportion to the latitude. And it can happen that the deflection 
of the thread can be slowed up in this way; and with that given, what has al- 
ready been unfolded takes place; the thread looks towards the sun more slowly, 
namely beyond the boundaries of the quadrant. But it has been demonstrated 
before that at that time the apsides are transported eastwards. Then, this can be 
the cause of the said phenomenon—a cause linked to physical or geometrical 
necessities, in accordance with the principles previously laid down. 

2. But in the meantime I would not rigidly deny that this effect can be a part 
of the design, so that it is not a consequence of necessity, or a mere consequence: 
because we are still ignorant of the magnitude of it. Then there will be room to 
speak about the final cause: to the final cause belongs the mutual tempering of 
the forces of libration, of the deflection of the threads, and of the revolution, in 
some fixed proportion: in order that, because the librations were prepared in 
order to set up the harmonies of the movements, any given harmony should not 
be born always in some one configuration of two planets, but in the succession of 
the ages would pass through absolutely all the configurations, and in order that 
thus all the harmonies of movements—which Book v of the Harmonies is about— 
should be mingled with all the harmonic configurations—which is the matter of 
Book tv of the Harmonies. 


NOTE BY KEPLER: Pages 942-44. A new and hasty correction has perverted the original 
and well-meditated text: 1. There is a petitio principi. 2. It is not in my design that 
on page 942, fourth line from bottom, there should have been a case of necessity: the 
direct variation of the libration with the deflection. 3. In the same place, the cause is 
not a cause. 4. One thing was proposed on page 942, and something else was demon- 
strated on page 944: on page 942 it was a question of the fixed stars: and on page 
944, of the apsides. 

The true cause of the almost perfect restitution is of physical necessity. For either 
the threads remain parallel, or else in one half they are deflected downward away from 
the apsis, as NQ, and in the other half, upward, since in both directions the counter- 
balancing is perfect, as was said on page 942; moreover thus the threads are parallel 
to one another at both apsides; therefore the restitution is perfect. 

Therefore on page 944 something false and contradictory is proposed: the straying 
of the libration from the deflection. Instead, the cause was to be given which is sug- 
gested on pages 941-42. For in the upper quadrant PN the sun gives a slightly 
smaller deflection, in the lower quadrant NR, a slightly greater counter-deflection; 
if at any rate the fixed stars have their termini at the quadrants. Accordingly since 
the solipetal terminus G is at R, the point of the fixed stars, and is already above SY, 
and is therefore still nearer the sun; therefore the planet is still sailing on: wherefore R 
the perigeal apsis will be beyond A in the fixed stars. If the latitude of the planet is 


1For apsides reading longitudines mediae. See note by Kepler below. 
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the cause of this thing, it will have to be explained in another way than on page 945, 
where instead of apsides read mean longitudes, because in Jupiter P is not the node 
but the limit. Nor is it sufficient to look to Jupiter and to say the reason the apsis is 
standing still is that the apsis is at the limit. But it is necessary to explain this too: 
why the progress of the apsides in the case of the other planets of very unequal 
periods is approximately equal under the fixed stars. 


4. On THE MOVEMENT IN LATITUDE 


[599] Under what laws do the planets digress in latitude away from the ecliptic? 


Again, under a very simple law: that the plane which they circumscribe with 
the centre of their body be exactly even in any period and that it be inclined 
to the plane of the ecliptic in a constant and invariable inclination—except in 
the case of the moon. 


If level planes are inclined to one another, they meet and cut one another in one 
straight line. I ask what that common line is, from which the orbit of the planet is 
anclined to the plane of the ecliptic. 


In all the planets, this line passes through the centre of the sun; and the line 
of each planet extends to its own proper places on the ecliptic, which are opposite 
to one another from the centre of the sun. 


How ts this established? 


Because, since the planet at two different points on its return, as at C and D, 
is seen to be under the 
ecliptic without any lati- 
tude; these two positions 
on the orbit are found by 
calculation to be in the 
same straight line CAD 
with the sun A; so that 
if ACM was at 17° of the 
Bull, the interval of time 
until the planet was seen 
again on ecliptic, togeth- 
er with the hypothesis of 
the eccentric circle, ex- 
hibits the line ADO of 
the other position on the 
eccentric circle at 17° of 
the Scorpion, that is, op- 
posite 17° of the Bull. 


What ts gathered from 
this? 

The same as above, on 
page 910. For since the 
planes of all six eccentric circles meet at the one common centre of the sun; then 
all cannot meet at once anywhere except at this centre of the sun, because the 
line of section is not common to all, but [600] proper to each planet. But different 
lines cannot meet at more than one point. 
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Accordingly because the sun is the node common to all the systems: therefore 
either nature moves the planets by bodily virtues, or else mind, by rational com- 
mands. For the planets the sun isa fixed mark, which all their revolutions regard. 


What causes do you assign for the movement in latitude? 


In the case of the planets the sun is not the cause—unless the remote cause— 
for this deviation from the plane of the ecliptic; nor is there any need for the 
planet’s intelligence in this work, nor for the above disproved substructure of 
solid spheres, upon which as upon chariots the planets travel along their orbit; 
and there is much less need of the spheres here than in the case of the librations 
into opposite altitudes or in the case of the movement in longitude. But some 
certain formation of the planetary bodies is alone sufficient to twist their orbits 
away from the ecliptic and to twist them back again. 


Why ts not the sun ranked as a cause, since rt has already been said that the lines 
of section go through the solar body itself? 


[601] Because one and the same sun, by means of one and the same form of its 
body, which form revolves in a uniform and very direct current along the 
mean circle between the poles of rotation of the sun, cannot carry different 
planets through other different paths, unless the planets add from out of 
themselves the causes of this differing digression in latitude. 


Of what sort do you hint that this formation of the planetary bodies is? 


It can be either essential, that is, belonging to the inward rectilinear mag- 
netic thread, or else accidental, namely, the rotation of the planetary globe 
around its axis performed in such a way that the threads or axis of rotation 
retain their parallel! posture during the whole circuit of the body and have 
such a direction that, when the planet is on the ecliptic, it touches the orbit 
and deflects at one terminus somewhat towards the north, and at the other 
towards the south. 


Do you have a common example of this deflection? 


The oars of ships supply some sort of example. For if the ship is being driven 
forward by winds, but an oar is tied obliquely to the stern, then the ship against 
which the line of wind is bearing is turned gradually to the side. 


The oar, pole, or rudder always directs the ship towards one single region. How 
therefore do the planets now depart to the sides of the ecliptic and now return from 
there to the ecliptic? 


If the rudder of the ship is turned, the ship too deflects to the other side. 
Even though the planets keep their threads straight, in a parallel posture, 
and unturned, nevertheless the planets are transported to the opposite parts 
of their circuit, wherein the threads, [602] by reason of their original posture, 
have the opposite inclination to their orbit; wherefore too the planets in the 
other semicircle are driven towards the opposite regions. 


In order that I may better understand this movement, state what surface one such 
thread or axis produces during the revolution of the planet around the sun? 


Let us lay down that when the planet is on the ecliptic, as here at C and E, 
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then AB the thread of latitude does not have any inclination with respect 
to the sun—though this can take place differently but with the same effect, 
if the posture is equivalent—but has such an inclination with respect to the 
plane of the ecliptic, that ZA or CA the half [of the thread] is to be understood 
to be sunken below the paper—which represents the plane of the ecliptic—but 
the remaining half £B or CB stands out above the paper, and the angle of 
inclination is as great as the latitude is accustomed to be at the limits—F 
the limit above the paper and D the limit below. Moreover, let the movement 
of the solar form, as if of a river or wind, be from E towards F, C, and D. 

[603] Then since this movement at Eis going to advance contrary to the 
sunken half of the thread AE, but at 


C is similarly going to advance con- 

trary to BC the half which stands out Moe 

and which is opposite AH. Further- yt a "ss Eb. 
more, at # the movement pushes the Wi # Rasa) 
planet up above the paper, in the di- MRO 4 * 


rection whither B the front terminus / ‘ 


tends; but at C it pushes the planet 3 \ \. 
downward below the paper in the di- in 


rection whither A the terminus in : 


front of that position tends. In a rud- \ \ vd 
der the opposite takes place, because oe by EY well 
the rudder is pushed by the force of the P| ona 
river, not driven by an inborn apti- acme 

tude. But since meanwhile the thread 


AB remains in a posture parallel to 

itself throughout its whole circuit; 

hence, when the planet is most northern at F or most sunken in the south at 
D; neither terminus A nor terminus B is in front, but the thread AB, which 
stretches out as it were into the depth of this river, 7.e., towards the sun, 
and which receives the attack on the right side, furnishes no cause for further 
removal into any region: wherefore a changing around takes place at these 
points, so that, although before point F the terminus 8 had been in front, 
now after point / the terminus A is in front; and so the planet begins to ap- 
proach the ecliptic once more, at first with imperceptible progress. 

From this it is now clear what sort of figure is engendered. For because 
the thread AB is moved from E towards that very region towards which the 
front terminus B tends; then the surface which is produced by AB is at point 
E diminished to a mere line, which nevertheless gradually becomes a surface, 
and, having arisen from the point £, acquires at F its greatest latitude, equal 
to the length of the thread AB: thence once more the surface is diminished as 
far as C, the segment of the circuit which is opposite #, the first-mentioned 
segment: there again the surface disappears into a line. The same things are 
to be understood of the opposite semicircle CDE. But the thread borne thus 
to F and D at an inclination and always following its own lead will produce 
a perfect plane, z.e., in so far as it keeps its posture parallel; and if this plane 
is continued, it will pass through the centre of the sun because the thread AB 
looks towards the sun—at F with the terminus A; but at D, with the terminus B. 

But with this continuation of the plane removed, if that which is produced 
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by the thread [604] is alone considered: it will be such a form as two little 
crescents exhibit between the two ellipses, BCAE the outer ellipse, and HACB 
the inner, which touch one another at C and £E, so that the same line CE is 
the major diameter of the smaller ellipse HACB, but the transverse diameter 
of the greater ellipse CBAE. 

Moreover, the centre of the planetary body will revolve in a perfect plane, 
which in this figure was made circular, namely CDEF, although the plane 
itself also, as is clear from what was said above, bends away from the per- 
fection of a circle to an ellipse with its lopped-off sides. 


The oar or rudder of a ship stretches out from the ship straight into the waves or 
wind: but these threads lie concealed within the round body of the eeinh therefore 
it is not the same force which is in rudders. 


It is not necessary that all things should correspond in an analogy. But 
in place of the oars there is the other much more suitable force in the threads. 
And just as, above, the threads have a natural inertia contrary to the de- 
flection of themselves, or rather a power to keep their posture parallel during 
the transportation of the body; so now also there is present in the threads of 
latitude, in addition to the similar force to keep their posture parallel, a natural 
power of agility too, or of following exactly the same line and of directing 
along that line the movement produced in the planet, in so far as the movement 
tends towards the same region as the other extremity of the thread. 


Compare this form of movement in latitude with the ancient astronomy in an 
everyday example. 


Here we entrust the planet to the river, with an oblique rudder, by means 
of which the planet, while floating down, may cross from one bank to the 
opposite. But the ancient astronomy built a solid bridge—the solid spheres— 
above this river—the width of the zodiac—and transports the lifeless planet 
[605] along the bridge as if in a chariot. But if the whole contrivance is examined 
carefully, it appears that this bridge has no props by which it is supported, 
nor does it rest upon the Earth, which they believed to be the foundation 
of the heavens. 


Nevertheless 1s not this theory of the movement in latitude more difficult than if some- 
one imagines solid spheres? 


But, reader, you ought to remember that we are here busy with the physical 
theory of causes, on account of which any hypothesis is applied in order that we 
may know what of truth exists in such an hypothesis or astronomical fiction. 
But below, in Books v and v1, for the sake of understanding, we shall not reject 
the whole circles and their inclinations to the ecliptic; because they are equiva- 
lent to these attractions of threads to the sides of the ecliptic. 


If that earlier libration of the planet in altitude and this digression in latitude had 
the same boundary-posts on the ecliptic and were effected by the same threads, the 
causes which you assign would be probable. 


Indeed, what prevents one and the same globe from having twofold rectilinear 


threads stretching out over the whole body, so that from some it receives a li- 
bration in altitude, and by the others is rowed backward and forward? Thus 
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on the surface of rivers a threefold movement of the parts is 
discerned—each movement proceeding in its own direction: / 
the first is the flow of water, the second that of the waves, & 
which that flow casts crosswise to the banks in a continuous & 
series, the third comes from the wind. For if a contrary wind  \ 
blows obliquely, it roughens the surface of the waters, and 
starts another series of smaller waves moving in their own 
direction, and these waves advance on top of the earlier waves, which are not 
troubled. Thus above in Book 1 [606] I mentioned the nature [substantia] of the 
belly, which represents a triple-woven tunic and contains three kinds of threads, 
distinct as to their regions, the seats of the three faculities of attraction, reten- 
tion, and expulsion: although the weaving belongs to not one but three tunics. 


Do not the farthest digressions of the planets always occur at the same positions on 
the zodiac, or do even these digressions change their positions? 


Observation of the progression of the limits is more difficult still than that of 
the apsides: nevertheless they are seen to be going back gradually westward in 
the sphere of the fixed stars and more slowly than the apsides are progressing; 
there is a case of both in the movements of the moon. 


If the limits retrograde and the apsides progress, will the threads productive of 
latitude remain inwoven with the threads of longitude, both of which you have given 
to the same globe? 


This retrogradation clears our way to the inward substance of the globes, into 
which narrows we have already been compelled to go, in the comparison of the 
daily revolution of the Earth with its threads of libration. Accordingly here too 
we can seek within the outer crust a separate globe—like the yolk within the 
white of egg—supplied with its own threads, and able to revolve according to 
the same laws, and with the strength of its forces different from that of the outer 
crust, if need be; so that both of them [the crust and the globe] can be deflected 
by the same outside cause, with different measures of speed, if there is need of 
this. 

For thus in the case of the belly which I have already brought in, there are 
three tunics: the outmost, the inmost, and the middle; and one of them can be 
passive, if the others are injured, or be active, while the others are at rest; al- 
though they are unlike this thing, in that they are not separated from one 
another. 

The ancient astronomy places solid and plainly adamantine spheres on top of 
other spheres, where no body is visible to us and the whole region is as trans- 
parent as if it were empty. [607] Therefore it will not take offence if we construct 
something similar in the globes, which are visible and palpable bodies. 


Cannot this already mentioned axis of revolution of the outer crust of the planetary 
bodies perform this office of deflecting the movement of the planets latetudinally? 


This cause rests upon very great probability, as will have to be said in Books 
vi and vi in the explanation of the schemata of the sun and the eighth sphere. 
Nevertheless nothing certain can be affirmed of all [the planets]: because even 
though we said it was believable that the remaining primary planets rotate 
around the axes of their bodies, nevertheless the regions towards which these 


EPITOME OF COPERNICAN ASTRONOMY, IV 951 


axes tend or incline are unknown to us. Wherefore we have an example in the 
Earth alone. And the moon, a secondary planet does not rotate, although none 
the less it completes its latitudes. 


How can it be effected that the limits of digresscons retrograde westward? 


In Book vu part of this appearance will be explained as accidental, not as 
physical or real. But what remains of this movement and is real is caused by the 
deflection [nutu] westward of the threads of latitude: so that they remain in 
one and the same plane precisely, during their whole circuit, but the threads 
themselves—z.e., the globe itself—are deflected backward over the centre of 
their body secretly in accordance with these threads. 


From what causes does this counter-deflection arise? 


Up to now the probability cf most of the causes brought forward was clear. 
But in this last train of astronomical matters, the causes have ill success; and 
both understanding and belief in those things which one is able to devise have 
to work hard. Let us however speak of as much as we can find out. [608] We 
have said that the nature of the threads of latitude consists in an aptitude to 
move forward into the region of their own parallel direction. We have said more- 
over that while the planet is being transported from C or E, the position which it 
has on the ecliptic, into D or F’, the position of farthest digression north or south, 
in the meantime those threads remain parallel, and for that reason it comes 
about that, since there at C and E the threads touched the orbit, now here at 
D and F they are sunken in the depth towards the sun, whither that movement 
to which they are defiected does not tend; rather at that time, the motor river 
from the sun, so to speak, meets the crosswise threads AB at right angles, more 
speedily below—that is, at A in the position F and at B in the position D—than 
above and on the outside. Therefore if the threads are deflected towards the 
movement, it is surprising if this deflection, which with its lower side seeks the 
region of the movement, takes something away from the paralleleity and does 
so at both limits? So the retrogradation of the limits follows, since no counter- 
balancing exists. For A is pushed out, at F, along the road EAC; and B is 
pushed out, at D, along the same road CBE: so in both eases B will be deflected 
below the paper. 

But if this cause is not admitted, then let the motor soul be summoned to 
twist together, by its laws, an inside kernel within the outer crust, according to 
the design of the Workman that by the interweaving of the orbits with one 
another and their frequent plurification and condensation the solidity of the 
sphere might be somewhat penetrated by the planet in the succession of ages. 


Why ts the regression of the limits slower than the progression of the apsides? 


Although there is doubt concerning Mercury, there is also some doubt con- 
cerning Jupiter: nevertheless let us follow probability on account of the clear 
example of the moon, and let us say that the cause is as follows: because a dis- 
turbance, if there is any, coming from one and the same outside cause is neces- 
sarily more perceptible in a great movement than in a small. Now the trans- 
position of the apsides arises from a great movement, which is the deflection and 
counter-deflection of the threads in any semicircle, [609] and is as great as the 
optical additosubtractive difference [aequatio], and it would become greater and 
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altogether total if it were not anticipated by the revolution of the planetary 
globe. But the transposition of limits takes place through a small movement, 
the digression of a few degrees in latitude, and is not greater than this measure 
of it, so that this digression can give rise to nothing else whereby the transposi- 
tion of the limits may be hindered. Wherefore the same rays of the sun which 
introduce movements in both cases, by the laws already explained, have more 
manifest effects there [in the transposition of the apsides] than here [in the 
transposition of the limits]. In addition there is the fact that in the first case rays 
of the sun act in relation to a greater diversity than in the second, other things 
being equal. For in the first case the obliquity of the rays of the sun with respect 
to the threads—and this obliquity tends to the side—or the angle of latitude, 
whereby the work [of the threads] is weakened, was perceptible. In this second 
case the diversity between the parts of the planetary globe, and hence between 
the termini of the threads of latitude—the terminus nearest the sun and that 
farthest away from the sun—to which diversity we assign the movement of the 
limits, is mighty small. Accordingly by right this second work is less than that. 


5. On THE TWOFOLD IRREGULARITIES OF THE MOON AND THEIR CAUSES 


These things which up to now have been argued concerning the causes by which the 
true movements of the primary planets are made irregular are not also to be under- 
stood concerning the moon, a secondary planet, are they? 


1. On the whole, the moon imitates the same general form of movement, 
around the Earth, as that 
which the planets keep to 
around the sun; and so too we 
ought to set down the same 
causes within the lunar body, 
that is, threads of magnetism, 
their rectilinear tract, and 
the contrary regions of that 
tract—one region friendly to 
the Earth and the opposite 
region unfriendly—and final- 
ly the approximate parallel- 
eity to itself of this tract 
throughout the whole circuit 
of the moon. [610] According- 
ly, when the moon has been 
transported into the opposite 
position, there is a changing 
around of the regions; and in 
conformity with the friendly region the moon is attracted by the form of the 
terrestrial body; and in conformity with the unfriendly region it is repelled. 
And its movement in longitude too is increased or decreased in that proportion; 
and similarly we must conceive of other threads in its body, by means of which 
threads the moon’s digressions from the ecliptic are produced. 

In this diagram are represented some positions of the Earth going around the 
sun, together with the surrounding lunar heaven; and in the heaven of the moon 
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some positions of the moon going around the Earth. But the image of the 
magnetized needle signifies the magnetic threads in the lunar globe, by 
reason of which the moon becomes eccentric to the Earth. For the points A, 
B, C, D, E, F, and G signify the region friendly to the Earth, and they lie at 
the second mean longitude, and so at A and G the moon is situated at the 
mean position between the perigee and the apogee; [611] at B, Q, and D it isa 
little before the apogee; at C, a little after the apogee; and at E and F, a little 
before the perigee. 

2. But since this movement of the Earth, as was explained above, is derived 
from two sources, as it were—namely, from the daily rotation of the Earth, and 
from the rotation of the sun around its own axis—and this sun is the midpart 
of the great sphere common to the Earth and the lunar heaven; so it will be 
reasonable that the true and real movement of the moon around the Earth— 
and in so far as that revolution around the sun, which is shared by both and is 
accidental to the whole lunar heaven, is removed from it mentally—has two 
sources, as it were, and suffers all those affects as twofold which the movements 
of the primary planets have as simple. And this is perfectly consonant with the 
experience and skill of artists, and with the words arising from this twofoldness. 
For not merely in the [pages] above, according as there was a solitary mean 
movement in some one of planets, was there a mean movement and a semi- 
monthly variation of this mean movement in the case of the moon; but also 
here [hoc loco], where it is a question of the periodic irregularity of this move- 
ment, and this irregularity is not semimonthly like the variation but monthly 
or rather semiannual: we find in the moon a twofold intensification and remis- 
sion of mean movement at the contrary moments of the period, instead of the 
simple intensification and remission found in any one of the primary planets— 
and finally instead of the simple digression of the primary planets in latitude 
also a twofold digression. 


What cause does the magnitude of the moon’s eccentricity have? 


In the Harmonies I demonstrate that the variety of lunar movements de- 
termines precisely the perfect fourth, which seems to have an affinity with the 
quadratures and syzygies of the moon. Therefore in order that this interval 
might be represented by a composite movement, the eccentricity was made 
to be as great as it is. 


[612] What diversity 1s found between those irregularities common to the moon and 
the planets and these trregulartiies proper to the moon? 


1. Just as, in the above, the movement of the moon around the Earth had 
two elements, as it were, one from the rotation of the Earth around its axis, the 
other from the Joining [ex applicatione] of the solar light with this motor form 
from the Earth—whereof the first was free of the phases of the moon, and the 
other was bound up with the phases; so now also, of the two irregularities, that 
earlier one is found to be an accident of the earlier element or the mean move- 
ment and to have its own proper termini, which we shall call the apogee; and 
the first type of digression in latitude has its own termini, distinct from the 
termini of the apogee, and they are called limits and nodes. But the later ir- 
regularity, which arises from a later element, or else is an accident of the ac- 
celeration in the syzygies, and is called by Ptolemy the nodding [annutus] of the 
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epicycle, has termini in common with the lunar month and phases—as does the 
second type [forma] of digression in latitude. 

2. That earlier irregularity both of longitude and latitude is always constant 
throughout all its periods, that is, it is forever of the same magnitude: but each 
of the later irregularities become greatest in one month only of any half year, 
smaller in the remaining months, and in certain months, which divide the year 
into two parts, almost nil, namely, where the opposite affects, of this second 
acceleration and retardation and likewise of the northern and southern latitude, 
begin to pass into the contrary halves of the lunations. 

3. And so those earlier irregularities have their magnitude and the laws 
of their distribution from their own proper causes; but the second irregularities 
take their magnitudes and affects from the presence of the first irregularities 
in any one semicircle of lunation; they have laws of distribution alone separate, 
and adjusted to the cycles of lunations, but none the less similar to the earlier 
[laws]. 

4. The following fact is also related: that in the moon we find the move- 
ment of the apsides eastwards, and the movement of the limits [613] west- 
wards, much faster than in the primary planets, not merely in the ratio of 
the faster periodic return of the moon, but quite perceptibly; and moreover 
the retrogression of the limits is more than twice as slow as the progression 
of the apsides. 


The moon is not seen alternately to turn now this part of its body, now the po- 
posite, to the Earth. For we always view the same spots on the face of the moon. 
Wherefore the causes of the approach and withdrawal of the moon from the Earth 
cannot be sought from this. 


1. It is not necessary that at two opposite times of a period the lunar mag- 
netic threads should point in a straight line towards the Earth; it is sufficient 
if at those moments they at least be deflected towards the Earth in their 
alternate regions, and if the posture of the threads remain parallel throughout 
the whole circuit of the moon, For it can come about in this way too that 
now one region of threads deflects more to the Earth, and now the opposite 
region. But if this deflection is small, our eyesight is not so sharp that in the 
disc of the moon it can observe very precisely whether on the rims of the 
lunar globe, which look towards the poles of the ecliptic, some minute par- 
ticles present themselves to view, which are not seen at any other time. For 
those parts of the globe are shelving and of a very tenuous appearance, and 
the illumination frequently fails, now on this rim, now on that, on account 
of the inconstancy of the lunar countenance. 

2. For a long time we left it as uncertain, whether there is a globe within 
the globe, like the kernel within the shell, having a different rotation from 
that—as the case of the Earth and also the movement in latitude suggested. 
And so such an inner globe could direct towards the Earth regions which are 
alternately reversed—notwithstanding that the outer crust always turns the 
same spots towards the Earth. For between these and similar things, it is 
uncertain exactly what the manner of this motion is: it is alone very certain 
that, whatever the manner is, it has been fitted to physical and magnetic causes, 
(614] z.e., corporeal and thus geometrical; and I have put forward examples 
of such causes in both cases here. 
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Then does not this second irregularity of longitude really come from some second 
eccentricity or digression of the moon from the Earth, just as the first trregularity 
has its cause in the change of the interval? 


No: the observation of the parallaxes of the moon, together with a con- 
sideration of the eclipses, opposes this; and the ratios of the distance of the 
bodies from the first body militate against it—the ratios put forward in the 
first part of this book. But it can be argued that there is absolutely no change 
of interval bound up with the phases; because, though different experimenters 
make different corrections in the case of this hypothesis, the magnitude of 
this change is always made smaller and smaller. Ptolemy set it down as very 
large; Regiomontanus reduced it; Copernicus halved it and transposed it 
from the figure [ex forma] of an eccentric circle into the figure of the second 
epicycle; again, Tycho Brahe got hold of it and claimed a part for the equant 
circle, for which he together with Copernicus was accustomed to substitute 
an epicycle of twofold movement. I have changed around the intervals at the 
syzygies with those at the quadratures, and have transposed the cycles from 
the month to the year; relying upon these discoveries made in latter times, I 
at least found that absolutely no change of intervals occurred through the 
cycles of the phases. 


Then from what comes this second acceleration and retardation, which are bound 
up with the phases? 


From the varying relation of the eccentric circle of the moon to the phases. 
For while the moon goes around the Earth, its mover, according to the simple 
and forever uniform law of eccentricity, just as any one of the primary planets 
goes around the sun; it comes about by accident that at different times the 
moon has different distances from its movement’s other mover, which ac- 
celerates the moon in the syzygies. For if its longer interval from the Earth 
occurs at the syzygies, where its greatest acceleration takes place; then the 
terrestrial form, unrolled in a wider sphere, is weakened at one of the syzygies— 
weakened not merely in its own native and archetypal vigour, but also in the 
reception of strengthening from the sun. In turn, if this longer interval be- 
tween the moon and the Earth is found at the quadratures, where there is 
no acceleration; then there is no loss in the reception of nil vigour, and no 
gain with the short interval at the perigee. 

In the diagram on page 952 are depicted in the globes of the Earth and 
moon, the circles of illumination which divide the light part from the dark. 
But since the apogee of the moon, through the whole year and thus through 
all the positions of the lunar heaven, remains at the same point, 7.e., the threads 
WF remain approximately parallel to themselves throughout the whole circuit, 
but the Earth together with the lunar heaven crosses from point to point 
hence the threads are joined in different ways at different times to the circles 
of illumination—which spread out in accordance with a circle homocentric 
with the sun and exhibiting the density of the light in longitude—as you 
may see in the arcs DT, EV, FW, GX, AO, and BP. Accordingly the 
same thing takes place also at the apogee and perigee of the moon, as 
they always point towards the places 90° distant from the place or region of 
pomt A, 6,4); etc. 
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But what tf the longer interval stretches towards the sun? Will not the movement 
be weakened in that way? And yet the moon is passing through a denser light. 


Indeed, this is what we remarked about above. For the light of the sun 
does not move [the moon] by itself but by means of the form of the terrestrial 
body, to which it transmits the laws and modes of its own work. Accordingly 
just as above light did not give the direction of movement, but the form of the 
terrestrial body gave a direction, somewhere plainly contrary to the direction 
in which the sun moves around its axis; so now also the motor form from the 
Earth is strengthened in proportion to its own native strength, weakly where 
it is weak, namely at its farther distance from the Earth its source; strongly 
where it is strong, at its shorter distance from the Earth—whatever the varia- 
tion in the distance of the moon from the sun may be, [616] as above, in the 
ease of the causes of the variation, we spoke of the counterbalancings of this. 


What 1s the measure [modus] of this monthly additosubtractive difference, when 
at 1s very great, and what is the cause of its measure? 


Tycho Brahe makes it equal to the physical part of the analyzed periodic 
additosubtractive difference [aequationis periodicae solutae], according to my 
formulation, because since the total periodic difference is approximately 5° 
I claim half of that for the physical cause, the customary amount for all the 
planets—that is, 2°30’: accordingly Brahe exhibits the synodic difference to 
be that much—as if the motor form from the terrestrial body became pre- 
cisely twice as strong at the near distance, and twice as weak at the far, through 
this strengthening by the light, and that is the time when it is without this 
strengthening. And if it is asked why that ratio holds, it seems that it can 
have no cause [617] except this relation of equality, as the most simple and 
therefore the most beautiful ratio. 

But Ptolemy exhibits its measure as slightly greater, and just as much as 
above, from the addition of 132° 
45’ to 12 synods, we inferred the 
variation of one quadrant to 
be, namely 2°41’. But if this 
measure and magnitude is to be 
kept at both distances, then it 
seems that the cause must be 
transferred from design to ge- 
ometrical necessity, namely, be- 
cause the increase of the in- 
terval, 2z.e., the eccentricity, ut- 
terly exhausts that which the 
acceleration by the light at that 
syzygy had given; but in turn 
at the other syzygy the subtrac- 
tion of the eccentricity from the 
interval adds as much to the 
speed as was also produced by 
the acceleration given by the 
light. 

So in a month, which is with- 
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out the synodic additosubtractive difference, namely when in this diagram the 
apogee is at EF and the perigee at JK, the parts of acceleration given by the 
light are equal at both syzygies, because the intervals between the moon and 
Earth at both syzygies, as AC and AH, are equal during that month; in the 
succeeding months, as inequality of intervals arises gradually at the syzygies— 
for example, if L were the apogee and WN the perigee, then the distance AC would 
certainly be greater than A H—there also arises some monthly additosubtractive 
difference, which always becomes greatest during that whole month at EF and 
IK;; finally in that month wherein the synodic additosubtractive difference is 
complete—for example, if the apogee is at CD—there is no acceleration at the 
syzygy CD, but at the other syzygy GH the acceleration is twice as great as in 
the month just spoken of; at that time at the quadratures F and K the addito- 
subtractive difference is the greatest of all those which can occur during the 
total year. But at G very near to the perigee, there are four parts to the very 
small additosubtractive difference, (1) the optical, as in the planets, (2) the 
physical, as in the planets, (8) the variation due to light, (4) the intensification 
of the same on account of the distance being diminished. The ratio of these four 
parts to one another is of geometrical necessity. But the sum composed thus 
of all four was so attuned by design that GH the perigeal movement of the moon 
at the syzygy would be to CD the movement of the moon at the quadrature as 
4 is to 8; and that the harmony would be the perfect fourth. 

[618] For that reason it comes about that although these two, (1) the measure 
of acceleration at the syzygies and (2) the measure of eccentricity, are bound to 
one another by no necessity; nevertheless the eccentricity exactly destroys the 
acceleration at the apogeal syzygy and doubles it at the perigeal syzygy. I say 
that at present, while I have been unable to investigate it. 


Whai probable cause do you assign to the so great speed of the apsides and limits of 
the moon, tf the apsides and limits of the primary planets are incomparably slower? 


Indeed the effect of the composition of motor virtues in the moon is made 
clear. For just as in the above pages we said that the simple force of the Earth 
was attuned to harmonic numbers—at any rate in the rotation of the terrestrial 
body around its axis, to 360 perfect days, but in the revolution of the moon 
around the Earth, to exactly the 12 months in one year, or in one periodic return 
of the centre of the Earth around the sun; so now too let us say that in the de- 
flection and restitution of the threads of the moon—those by which the libration 
and those by which digressions in latitude are produced—their simple forces are 
attuned to the great length of the periodic time of the moon in the same propor- 
tion as was kept in the other planets. But just as in the above, on account of 
additional aid from the sun, both in making the terrestrial globe rotate and in 
making the moon revolve, the archetypal numbers were disturbed in their final 
effect, so that instead of 360 days there were 36514, and instead of 12 lunations 
in the year, approximately 1214; so now too on account of this increase in the 
same acceleration of the moon from the illumination of the sun, the moon comes 
to the mean latitudes of its circuit before the threads are deflected in the right 
measure; and so the thread looks towards the sun from a deeper place (loco 
profundiort) than a quarter [of the distance] from apsis [to apsis]. And I in- 
culeated above that the transportation of the apsides took place when that 
occurred. But it is quite right that this transposition of the apsides should be 
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perceptible, because that increase [619] is perceptible, namely approximately 
11°; none the less this transposition is smaller, z.e., slightly more than 3° in a 
month: (1) because those degrees [of increase] are for the most part added on at 
the syzygies, but the threads are most deflected and counter-deflected at the 
mean longitudes without reference to the syzygies; in such a way that the affects 
of degrees equal in number are very distant from one another; and it is probable 
that something still remains hidden at that node, and that by our ignorance of 
it the movements of the moon have not yet been worked out to the minute, 
not even in Tycho’s calculation. (2) Because the deflection of the threads is 
anticipated not merely in place and time but also in magnitude for that very 
reason. For if the moon had advanced more slowly, or if the deflection of the 
threads were as great in the accelerated moon as it would have been in the slow 
moon, the apsides would be transported even farther. But it comes about by 
the acceleration of the moon that the thread points towards the sun before it 
reaches the just measure of deflection originally assigned to it. And by the mix- 
ture of these things it comes about that a certain mean, 314° between the noth- 
ing or something imperceptible—which would be the case without the accelera- 
tion of the moon—and the 11°—which the acceleration causes—overflows into 
the movement of the apsides. The same things are to be said concerning the 
impulsion or deflection of the threads of latitude; for it ought to have been im- 
perceptible, as in the primary planets—if the moon, like the primary planets 
was going to advance according to a simple force. But because the acceleratory 
force which is added to the moon is evaluated at approximately 11° of longitude 
in efficacy; and if this force fell upon these threads of latitude during the whole 
cycle, it would deflect them, as not fortified against itself, the whole 11°; but 
since it gets possession of them only at the limits where they are in opposition 
to it, it gives them however a deflection of 114° in one period. And the precession 
of the limits follows upon this deflection. 

But although from the observation of so many ages exact determinations have 
been made of the magnitudes and ratio of these two movements of the apsides 
and the limits; there still remains room for talent. For he who brings forward 
such causes of these things that from the causes the magnitude itself follows, 
will drive his chariot to the goal. And philosophers ought all the more [620] to 
strive, because, over and above so many other experiments, in this question too 
the moon is our mistress in acquiring knowledge of the celestial bodies, and by 
its own example it throws light upon the nature of all the planets. 


How is it that besides its accustomed periodic latitudes the moon also makes synodic 
digressions to the north and to the south? 


Just as that force of light which strengthens the broctintal form, the mover of 
the moon, borrows the region of movement and the proportions of the work 
itself ety that very form which is strengthens; moreover just as, in the case of 
longitude, that force passes over into the inborn character [ingenium] of the 
orbit according to the measure of the mutual joining; se we must set down that 
that force does the same thing in the case of latitude. It facilitated the move- 
ment in longitude, because it extends in longitude; therefore it will facilitate 
the movement in latitude, because it has the other dimension of latitude also, 
i.e., because light is a surface partaking of density, as we have often recounted 
from optics. Accordingly at the syzygies, where the thread of latitude is tangent 
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to the orbit and has been deflected in proportion to the latitude of the terrestrial 
form, the latitude of light joining itself to the terrestrial form facilitates the 
digressions, so that they take place at an angle greater than that which the 
thread makes with the plane of the ecliptic; and in that way the moon arrives in 
the quadratures at farther limits to the north and to the south than those which 
the thread showed at the syzygies. Conversely, during the other quarter of the 
year the thread of latitude, which is tangent to the orbit in the quadratures, 
does not fit itself to the dimension of the form of light in latitude, but points 
approximately towards the sun, just as the orbit itself of the moon does. There- 
fore just as in that place the movement in longitude is not at all facilitated by 
the light, but is made more difficult as it were; so the same thing overflows into 
the digression in latitude, so that it does not become greater than the angle by 
which the thread of latitude is deflected towards the ecliptic; and thus the moon 
does not arrive in the syzygies at limits farther than those which the thread 
showed in the quadratures. But what happens to the moon turning at the limits, 
or with what face the light of the sun beholds the moon, namely, when [621] the 
thread of latitude points towards the Earth, has nothing to do with latitude. 


Since you reduce everything to the bodily threads of the globes and to the immaterial 
forms from the rotating bodtes of the sun and Earth, and lastly to the light of the sun 
as a strengthening cause, you leave nothing to the animal faculttes: hence you seem 
to be philosophizing just as 1f someone were to contend that tts triple threads were 
sufficient to the belly for tts operation and that there is no need of the animal faculty? 


Rather, I admit a soul in the body of the sun as the overseer of the rotation 
of the sun and as the superintendent of the movement of the whole world. Nor 
in Book 1 did I deny absolutely that the planetary bodies had single souls as 
overseers of the rotation of their bodies. But just as it was not necessary to in- 
troduce a special soul into the threads of the belly; for it is sufficeint for one 
common soul from the heart or liver to advance, through its own form or through 
heat, into the belly and to employ the faculties of its threads; so too in the world 
that form—of light, or heat, and thus too, if you will—from the soul of the sun, 
flowing out together with light and heat and penetrating even where light and 
heat are shut out, z.e., into the inner threads of bodies, seems to be sufficient; 
hence, just as the soul in the body has no power without the organ of the belly, 
so too the soul of the world has no power without these laws and without the 
geometrical lay-out of bodies. 

Therefore let the status of the controversy be noted: for it is certainly one 
thing to reduce every cause [ratzonem] of dispensing celestial movement—al- 
though involving contradictions, and hence impossible—simply to the hidden 
forces of some soul, after rejecting all bodily organs and all the means which the 
human mind can devise—and that is the sanctuary [622] of all ignorance, the 
death of all philosophy, but is nevertheless the common practice of most of 
those who write or speak about astronomy, and in the above was noted in part 
even in Ptolemy himself. It is something else first to discern within the bodies 
everything suited for movement, so that the possibility of movements may be 
apparent—even with common examples—and afterwards finally to pour in a 
motor soul on top of all those things, as upon the human body compacted of all 
muscles and nerves. For if the soul can perform its functions anywhere by bodily 
organs, it will have no need in them for design and discourse, acts proper to an 
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intellectual soul—just as, on the contrary, if it performed everything by design 
and discourse, it would not want those bodily organs. 

In brief, the philosophers have commented upon the intelligences, which draw 
forth the celestial movements out of themselves as out of a commentary, which 
employ consent, will, love, self-understanding, and lastly command; the soul or 
motor souls of mine are of a lower family and bring in only an impetus—as if a 
certain matter of movement—by a uniform contention of forces, without the 
work of mind. But they find the laws, or figure, of their movements in their own 
bodies, which have been conformed to Mind—not their own but the Creator’s— 
in the very beginning of the world and attuned to effecting such movements. 


END OF BOOK FOUR, THE FIRST BOOK ON THE DOCTRINE OF THE 
SCHEMATA OR OF CELESTIAL PHYSICS 


BOOK FIVE 


LETTER OF DEDICATION 


{631] To the Very Reverend, Most Illustrious, Most Highborn, Most Noble, 
Vigorous, etc. Lords, To the Orders of the Archduchy of Austria-on-the- 
Anisana, To My Most Gracious Lords: 

Four years after the publication of the first part of Copernican Astronomy, 
which contains the doctrine of the sphere unfolded in three books, one year 
after the publication of Book tv, wherein I have handed on the celestial physics, 
or the principles of the doctrine of the schemata of the planetary movements; 
there at last follows some time the speculative part—so called from the sche- 
mata, that is, the manual instruments wherein as in mirrors [speculzs] the 
movements of the single planets are represented. 

[632] If I regard the circumstances of the time, this publication, alas! ar- 
rives in town late, after a very destructive war has arisen and the assemblages 
of students for whom these things are written have either been dispersed by 
the confusions of war or thinned out and wasted away by the expectation of 
war; after Austria, hitherto my nurse and benefactor, has struck against a 
very hard reef and seems to be called away from the guardianship of these 
beauties to serious care for her own safety; and after I too, forced by the 
hatefulness of a private enemy to leave my home at Linz, have been moving 
around for nearly a year away from home. 

If the causes of such great delays have to be mentioned, I shall not allege 
the supineness of my publisher—which has lasted from the publication of 
the doctrine of the sphere up to now—or the inconveniences of present war 
or the fears of threatening war: the fact that this publication has been pre- 
vented till now calls for thanks, not blame. Then what cause shall I mention, 
whereby I may preserve my reputation and wash away the charge of negli- 
gence? ‘‘While our womanly manners are at work,’ says Comicus, “while 
they dress their hair, a year passes by.’”’ But if the manners of astronomy are 
known to anyone, he will be able to say that he has never known a slower 
or more painstaking woman. [633] For unless this time had been interposed, 
wherein my designs might reach their maturity, there was danger that that 
finicalness, now that the whole world was squeamish, would demand new 
outlays and new adornments. For the computation of the Ephemerides and 
the publication of the books of the Harmonies—the works of the intermediate 
time—gave me many warnings that although most of the things which have 
to do with the six planets had been drawn up or at least indicated twelve 
years ago in my Commentaries on Mars: and although, taken over from that 
and put together into the form of a textbook, they had remained in my writing 
desk for seven years now, awaiting the work of the printer and engraver; 
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nevertheless as often as I reread them, what with additions or elucidations 
or transpositions of the text, the necessity of making a new copy was imposed 
upon me. To such an extent that not a trace of the first draft was left in what 
was shown to the printer. Now as regards the moon, the last of the planets: 
when I first gave my attention to the publication of this Epitome, I had no 
special concern about the moon, because Tycho Brahe’s hypotheses about 
the moon already existed, and they could [634] in general be found to be 
equivalent to those hypotheses too by which the manifold movements of this 
planet were reduced to my physical causes. Moreover those hypotheses existed 
as shadowed forth in the Commentaries on Mars, and as worked out further 
in my Hipparchus. But they were of such sort as to suppose two circles in the 
moon, eccentric in each case—a thing quite inimical to physical speculations, 
and hence intolerable. The computation of the Ephemerides rested upon 
those bases: and from the foreword to it, it is apparent that the form of the 
calculation has been changed again and again, because its agreement with 
appearance fluctuates and vacillates everywhere. 

Finally the great felicity of my speculations freed astronomy from this 
cross in the month of April 1620, when, after the physical causes had been 
considered more carefully, it appeared that the second eccentric circle of the 
moon was superfluous, so that there was no further need for imagining it with 
reference to the movements in longitude. And it was already time to put 
the finishing touch upon the fourth book of the Epitome, which, is about the 
principles of the doctrine of the schemata. That done, I transferred my at- 
tention to the publication of it, in the midst of the Bavarian armies and the 
frequent sicknesses and deaths both of soldiers [635] and of civilians. However, 
in the year 1621 the Ephemeris was at once computed, and—after the fashion 
of my other Ephemerides—the foreword was made to signify publicly my re- 
joicing over the conquering of the second eccentric circle of the moon. But, 
forestalled by the necessity of my journey, I could not yet publish 
this Ephemeris. 

Now as regards this last part of the Epitome, comprehended in three books; 
although after the publication of Book 1v, I am away from home and spend 
no little time in journeys and in the law-courts, nevertheless I have been al- 
lowed to be at leisure the greater part of the time, and I have devoted all that 
time to the care of this publication. When I came to Tiibingen at the end of 
the year 1620, in order to expound to Maestlin a new rationale of lunar hypo- 
theses, I began to write down questions about the other planets and the moon 
too in accordance with the physical hypothesis finally discovered. 

As soon as I returned to my family at Ratisbon, I reread the questions 
and gave them over to be copied. In the meantime I turned to the last part 
of Book v1, up to now postponed, because I hoped of its being easy, and it 
seemed that it could be put together between proof-readings; but [636] I 
found it laborious, not so much for the difficulty as for the multitude and 
variety of questions and the worry over the method. A short time I spent at 
a monastery passed in drawing up the ancient epochs and in computing the 
eclipses. At once, as soon as I returned to Tibingen, I saw that the fourth 
part of Book v1, on the moon, would have to be reshaped and work repeated, 
because the definitions conceived verbally did not yet accurately represent 
the force of my hypothesis. 


_ sae Phere 
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During the last months May and June, Stuttgart gave the last little book, 
which was also included in the last part of my cares up to now: because the 
astronomers have too little evidence concerning the movements of the eighth 
sphere; but most of the things which could be said concerning this matter 
had been conceived by me in the Commentaries on Mars, in Book u1 of the 
Epitome, long published, and on other pages. Nevertheless many things arose 
on the occasion of my conversation with Maestlin, my old leader in taking 
the route of Copernican astronomy, and many things through the reading of 
books which I had hitherto been unable to get hold of in Austria. And if pub- 
lication had not been postponed till now, these things would necessarily have 
to have been passed over. 

[637] Meanwhile, with the shore of this voyage in sight, z.e., the end of this 
work, and after being refreshed by money sent secretly to Linz, then by the 
argument of the faith and kindness of your Very Reverend Doctor of Divinity, 
Antony, President at Krembsmunster, and finally with a truce intervening 
in the law-courts—my great grief—I gave June over to the journey to Frank- 
fort, and to looking after the printing. And here once more, while the work is 
being undertaken, while the pages, diagrams, and forms are being prepared, 
a month passes by. And this sidereal lady, who heretofore bore witness to her 
fretfulness by her countenance and her noddings, now ratifies and exercises 
her fretfulness, after finally coming to the press, by quarrels and abusive 
language, only not by hands and weapons. 

Therefore, Very Reverend, Illustrious, Highborn Lords, let her stand before 
you to plead my cause, which can be got hold of for me from the daily delayings 
of this publication. Come to an understanding with her. If you have become 
experienced in listening to her sarcasm, you will not easily demand scrupulous 
accounts of time from him who proves that the case is with him as with her, 
especially if he can show the value of the time and the work. 

But after I myself too, whom I believe to care for those arts, 7.e., the pro- 
claiming of the divine works, [638] and who has followed the footprints of divine 
providence in an indefatigable search—after I recall to mind what utility the 
little book will have drained from this delay in time; I am not so frightened by 
your adversities, Masters—which have meanwhile risen up against you and 
the wretched province or else seem to make further threats—as not to perform 
my task, fulfill the promise made to you in the dedication of the little book on 
the sphere, and pay my debt, because I have hitherto been living off your sub- 
sidy. For I hope that there is so much divine mercy left in the store-house that 
He will that this horrible tempest be calmed, the clouds dispersed, and the sun 
at last shine again upon the penitent, and that some place be left even in Austria 
for these peaceful arts, the labour over which He does not stop caring for, and 
that there be gathered together in Austria once again some number of those who 
learn from these arts the praises of God their Creator. I hope that this little book 
will be of service to those people. For it contains the first adumbration, so to 
speak, of the Rudolphine tables, and the approximate numbers. If these num- 
bers are assumed as true, the lovers of this discipline may exercise themselves 
with them until the Rudolphine tables themselves come out, furnished with 
everything accurately corrected, fixed for calculation, and ready for use. Fur- 
thermore, [639] if outsiders get any utility from my books, as there are very 
many people not only in Germany but also in the surrounding kingdoms and 
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provinces who seek these books at Frankfort; it is right for them to learn from 
this dedication of mine that, for whatever value this book has, they ought to 
give thanks also to your liberality, Masters, wherewith uninterruptedly you 
have fostered me throughout these very difficult times. With that learnt, ac- 
cording as each is most disposed towards the arts of mathematics, most devoted 
to God, and most assiduous in gratitude, the crown of the virtues; so let him very 
frequently join his prayers with mine to the most merciful God: that, with the 
tumults of war calmed, the devastation restored, and hatred extinguished, 
golden peace returning may smile upon the Empire of the Most Powerful Divine 
Ferdinand 11, Emperor of Rome, Our August Lord, and that God may revivify 
all the provinces of His Majesty, and especially Austria-on-the-Anisana, with 
the fruitful showers of His grace. And that finally to you, Very Reverend, Illus- 
trious, Highborn, Noble, Vigorous Masters, God may bring and make per- 
manent for many years safety, health, riches, and dignities, for His own glory, 
for the preservation of the Church, for the adornment of the most glorious 
Emperor, and finally for the necessary cultivation of those arts [640] wherein 
the divine name is held in honour. Farewell, Masters, and hold within your lik- 
ing your little client, who is absent in body for a short while, but quite present 
in spirit for all acts of obedience. At Frankfort on the Kalends of July 1621. 
Reverend and Illustrious Lords, Farewell, 
your most devoted Mathematician, 
JOHANNES KEPLER 


SECOND BOOK ON THE DOCTRINE OF THE SCHEMATA 
Part I. On THE EccENTRIC CIRCLES, OR SCHEMATA OF THE PLANETS 


[641] If you set up no solid spheres in the heavens and 7f all the movements of the 
planets are regulated by natural faculties, which are implanted in the bodtes 
of the planets: then I ask what will the theory [ratio] of astronomy be? For tt seems 
that the theory cannot do without the rmagining of circles and spheres. 


It can easily do without the useless furniture of fictitious circles and spheres. 
But there is such great need of imagining the true figures, in which the routes of 
the planets are arranged, that we are impoverishing Astronomy and that the 
big job to be worked on by the true astronomer is to demonstrate from observa- 
tions what figures the planetary orbits possess; and to devise such hypotheses, or 
physical principles, [642] as can be used to demonstrate the figures which are 
in accord with the deductions made from observations. Therefore when once the 
figure of the planetary orbit has been established, then will come the second and 
more popular exercise of the astronomer: to formulate, and to give the rules of, 
an astronomical calculus in accordance with this true figure, or even to make 
use of the figure as expressed in material instruments not otherwise than the 
solid spheres of the ancients were used, and through these figures to lay the 
movements of the planets before the eyes. 


Therefore what is the subject-matter of the Fifth Book, the second book on the doctrine 
of the schemata, and how do you keep its subject-matter separate from that of the 
preceding Fourth and the following Sixth? 

So far, in the Fourth Book, the physical principles of movements—among 
other things—have been demonstrated by reasons and by experiments. Out of 
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these physical principles the Fifth Book will form the figures of the planetary 
orbits and will explain the powers [potestates] of those figures; and there the in- 
most sanctuaries of geometry will have to be searched. The Sixth will teach the 
use of these figures in the schemata of the single planets and put them into 
operation. So the Fourth contains the theory; the Fifth, the instrument; and 
the Sixth the practice; the Fourth was physical, the Fifth is geometrical, and 
the Sixth will be properly astronomical. 


How many parts does Book V have? 


Two: in the first part the eccentric circle and its plane are connected up with 
physical causes: in the second, there are given definitions of the astronomical 
terms which occur universally among all the planets in the case of the eccentric 
circle; and the method of calculation is explained in so far as it relates to this 
part. 


Then what sort of figure of the planetary orbit 1s formed according to the physical 
principles of Book IV? 


If the body of the planet did not have magnetic threads, [643] so that in ac- 
cordance with one of the regions of magnetic threads it is drawn to the north, 
and in accordance with the other region towards the south—in accordance with 
one region it is attracted towards the sun, and in accordance with the other is 
repelled; then the sun in the rotation of its body around its axis, carrying around 
the immaterial form of its own body throughout the widest spaces of the world, 
would carry around with itself the planet held fast by that form, and (1) if the 
planet at the start had been situated under the ecliptic, its whole route would 
be arranged along the plane of the ecliptic; (2) and so the planet would always 
return to that very point where the start was made; (8) the body of the sun and 
the planetary orbit would have the same centre; (4) the figure of the orbit would 
be a perfect circle; (5) the planet in all equal portions of this circle would be 
moved with equal speed. 

But because we have laid down that in the body of any planet there are pres- 
ent twofold threads:therefore by the mingling of the faculties of the planet’s 
body and the sun’s motor power, (1) the planet describes an orbit oblique to the 
ecliptic; and because the threads of latitude remain in approximately a parallel 
posture during the whole circuit but not wholly so, and hence they are deflected 
gradually after many revolutions: therefore (2) the plane contained by the orbit 
of the planet is approximately a perfect plane but not wholly so; and hence, 
when one revolution has been completed, the centre of the planetary globe does 
not return exactly to its starting-point, but it entwines a new circle with the 
first circle traversed and described—after the fashion of the circles of the natural 
days—of which I have spoken in Book 111, page 291—or after the fashion of the 
thread which the silk-worm drops, throwing the thread around itself and build- 
ing a little house by the inweaving of many entwined circles. For this reason the 
longest digressions in latitude are not found in all ages in the same parts of the 
zodiac. And because the threads of libration make the planet to be drawn away 
from the sun to one side but then to be driven away from that region; accord- 
ingly the planet (8) describes its orbit around the sun but not as around its 
own centres, that is to say, it describes an orbit eccentric to the sun: [644] and 
for this reason the orbit is not (4) a perfect circle, but one slightly narrower and 
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more pressed in on the sides, like the figure of an ellipse. (5) For the same cause 
and because the form of the solar body, which form gives movement to the 
planet, is slighter and weaker in the larger circle, it is not possible for the planet 
to be moved with the same speed in all the parts of its orbit; but the planet is 
slow at a long distance from the sun and fast at a short distance. Finally because 
too the threads of libration are moved out of their parallel posture by very many 
successive revolutions, so too the positions on the zodiac where the planets are 
highest and slowest do not always remain but gradually move eastward. 


Have you not described an intricate figure for the route of the planet and one that 
cannot readily be laid before the eyes especially in a plane? 


Even if this is true, it is nevertheless not new to astronomy or something 
found only in Copernicus; and there is no need for all things to be represented 
in the same plane; but those interweavings, which have arisen from the very 
slow movement of the boundary-posts of latitude and altitude, can be disen- 
tangled with the same dexterity which the ancient astronomers employed and 
with less apparatus. 


How did the ancients disentangle the movements of latitude and of altitude? 


They devised for the latitudes one circle or sphere which is the carrier or de- 
ferent of the nodes, the outermost circle of the whole schema of the planet— 
and for the altitudes two spheres of unequal thickness, which they named the 
altitudes of the deferents [deferentium auges]. 


Why do you judge that those spheres or circles should not be used? 


Because they were made for laying physical explanations of movement before 
the imagination rather than astronomical. And so by their use [645] those false 
physical opinions concerning the solidity of the circles or spheres were estab- 
lished; and in turn the true judgments were obscured concerning the causes of 
their irregularities and of their very slow transportation—these causes were 
demonstrated in Book tv. 


Therefore what do you substitute for these three circles or spheres in laying your 
astronomical explanations before the imagination? 


It is sufficient if we draw two straight lines from the centre of the sun, one 
through the intersection of the planet’s orbit with the ecliptic, the other through 
the centre of the planet’s orbit—both lines, on either side and everywhere under 
the fixed stars—and if we teach that the movement of the first line is under the 
ecliptic towards the westward signs and that the movement of the second line 
is eastward under the circle, in the sphere of the fixed stars, which is in the same 
plane as the orbit of the planet—both movements most regular, the first move- 
ment from the mean equinoctial point and the second movement from the line 
of intersections [of the planet’s orbit with the ecliptic]. Unless something should 
here be taken from Book vir on the ground that even the ecliptic is dislocated 
and does not always run through the same fixed stars. 


When this separation has been made, what remains for our imagination concerning 
the figure of the route of the planet? 

The orbit remains as a perfect ellipse in a true and most regular plane inclined 
to the plane of the ecliptic at constant angles, by which plane of the ecliptic 
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this orbit is cut in the line drawn through the centre of the solar body—as was 
stated on page 946, Book tv. The planet moves in this orbit with unequal speed 
through its parts and returns to the intersections, and so to the equinoctial 
points—not to say to the fixed stars and to the line through the centres, by abso- 
lutely equal measures of periodic times, so far as they are considered in them- 
selves. 


Does not this imaging trespass upon the physical causes and measures of the move- 
ments of one period? 


Not very far, provided we keep in mind that those things which are ab- 
stracted by means of the said two lines from the real inweaving and intercon- 
nection of many orbits [646] are not furnished physically by those two lines but 
by the inclination of the real threads of the planet’s body. 


By what right do you make this also a part of Copernican astronomy, since that 
author abided by the opinion of the ancients concerning perfect circles? 


I admit that this formulation of the hypotheses is not Copernican. But be- 
cause the part concerning the eccentric circle is subordinate to the general hypo- 
thesis which employs the annual movement of the Earth and the stillness of the 
sun: therefore the name comes from the more important part of the hypothesis. 
Moreover, this small part of the hypothesis is bound up with necessary argu- 
ments arising from the repose of the sun and the movement of the Earth, the 
doctrines of Copernicus; and so this part has a good title for being referred to 
Copernicus. 


What is the method of procedure whereby it will be demonstrated by the physical 
causes established in Book tv that such a figure of the orbit arises and what speed the 
planet has through the parts of its orbit? 


We must start with the approach and withdrawal of the planet from the sun; 
and first, we must determine the geometrical measure of the strength of the 
forces exerted in giving the planet a movement of libration in any posture of 
the threads. And secondly, we must prepare a compendious geometrical measure 
of the effect of the attraction or repulsion, which is heaped up through any whole 
arc of the orbit by all the increments of the forces. Thirdly, we must demonstrate 
that the elliptical figure of the orbit arises from such a libration completed dur- 
ing the revolution. Fourthly, we must show that the plane of the ellipse exhibits 
the measures of the time and of the delays which the planet makes in any arc of 
its elliptical orbit. Fifthly, we must teach the equivalence of the plane of a circle 
and the plane of an ellipse with respect to this measuring of time. Finally, we 
shall have to demonstrate that when the revolution of the threads of latitude 
has been thus procured, as [647] was laid down in Book tv, the regularity of the 
orbital plane is established. By these demonstrations the studious astonomer— 
for the popular astronomer has no need of Book ry or of this first part of Book v 
—will have his curiosity satisfied concerning this part of the calculus of move- 
ments. The other part of Book v will teach how to construct this calculus; and 
Book v1, how to bring it into use by the application of this elliptical orbit and 
its plane to the great circle or sphere. 


968 KEPLER 


1. CONCERNING THE INCREMENT OF LIBRATION 


Begin with the first and say on what principles the measure (modus) of increment 
of the libration in every position of the planet is formed or determined. 


Two causes, one active and one passive, come together for the formation of 
this increment. The active cause is the quantity (modulus) of the forces of 
libration in themselves, that is to say, how great the quantity (modulus) is found 
to be in any equal arc of the eccentric orbit. The passive is the varying lay-out 
of the planetary body with respect to the sun; for not every lay-out receives or 
admits that whole quantity (modulus) of forces, but any lay-out receives its own 
proper portion [of the forces]. 


So what measures the quantity of the forces for giving the planet a movement of 
libration? 


These three do: first, the distance of the arc of the orbit from the sun; secondly, 
the magnitude of this arc; and thirdly, the time which the planet takes to turn 
through this arc. 


What does this distance of the arc—and of the planet in the arc—from the sun have 
to do with the forces of libration? 


The ratio of the distances is the inverse of the ratio of the tenuity of the solar 
form. This same form carries the planet around and gives it a movement of 
libration, now attracting it and now repulsing it, as was said in Book tv, page 
903. And so the farther the arc is distant from the sun, the weaker at any mo- 
ment of time is the libration of the planet moving in the arc. For this reason 
alone, the sun would expend unequal forces in different arcs of the eccentric 
circle which are equal to one another. 


[648] What effect does the magnitude of the arc of the planet have? 


Because in a long arc much force is expended, and in a short arc little force: 
therefore if equal arcs are assumed, so much and so far should the forces be equal. 


What does the time, taken separately, have to do with the increase of forces, and what 
do all three causes, taken together? 


Since—Book tv, pages 903-06—it has been shown that the farther the planet 
is distant from the sun, the longer does it delay in the equal ares of the orbit; 
and so much the longer does it feel the motor force of the sun, the greater the 
magnitude of that arc: but since it has already been said that the farther any 
one of the equal arcs of the orbit is distant from the sun, so much the feebler is 
the movement of libration which the planet undergoes: wherefore the more 
feeble the libration is in one moment of time, in any of the equal arcs of the 
orbit, so much the longer does the planet revolve and undergo a libration in that 
arc. Therefore since the feebleness of the forces is balanced by the stretch of 
time wherein the planet experiences those forces in itself—and this occurs in the 
same ratio on both sides, namely, in the ratio of the distances from the sun: 
hence there is the final effect that in the equal arcs of the eccentric circle the 
quantity (modulus) of the forces of libration is disbursed by the sun and is abso- 
lutely equal with respect to the sun as an agent. See diagrams on pages 903 and 
934. 
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Now therefore state the measure of the portion of the quantity of the solar forces which 
the planet admits into itself in any posture with respect to the sun. 


We must consider the angle which the rays [radi] of the sun make with the 
magnetic threads of the planetary globe. For the sine of the angle comple- 
mentary to this measures this portion of forces admitted. For since the efficient 
causes of the libration are the ray of the sun and the magnetic threads of the 
planet’s body, two physical lines; it is right to seek the measure of the strength 
of the libration from the angle between these lines and from its sine. 

(649] For example, let A be the sun; and J, E, the centre of the planetary 
body; RP the line drawn through A the sun and 
through B the centre of the orbit; HG and JH the 
magnetic threads will be practically perpendicular 
to RP—at least if the counterbalancing of the semi- 
circles is considered—and H and F are the solipetal 
termini. For it was laid down in Book Iv page 935 
that during the revolution of the body the magnetic 
threads stay practically parallel to themselves and 
at points P and RF provide no occasion of attraction 
or repulsion, because there the positions of both the 
solipetal and the solifugal termini are equally dis- 
tant from the sun at A. But in the intermediate 
positions, where the solipetal or the solifugal termini 
regard the sun directly, the strength of the libration 
is greatest of all. AF and AJ are the rays of the sun. 
Let lines ED and JO be drawn parallel to line RP, 
and let perpendiculars be dropped upon them from 
points F and C, wherein the rays of the sun cut the 
middle circles of the planetary globe; and let the 
perpendiculars be CL and F'K. Here the angles made 
by the rays of the sun with the threads are AEG and AJH; the complementary 
angles are CED and FJO,or the arcs CD and FO, and CL and FK are the sines 
of these angles, according as JH or EG is the total sine of 100,000. Therefore it 
is established that as EG and JH are to LC and KF, so the total quantity of the 
forces from the sun which are present at J or E is to the portion which the planet 
admits at the postures of the threads EG and IH. 


Why do you take the sine as the measure, rather than the complement of the angle 
or arc? 


Because, although any magnetic thread is present in a spherical body, never- 
theless it is not a circle, but is a physical straight line; because it works most 
strongly towards undergoing attraction or is very strongly disposed towards ad- 
mitting the forces of the solar ray into itself, when it points towards the sun ina 
straight line: or else—what is the same thing—when it is perpendicular to the 
plane of illumination of the circle, which bounds the part of the globe which is 
turned towards the sun; but when [650] it is inclined obliquely to that plane, it 
is equivalent, as to a shorter line, to the perpendicular drawn from its terminus 
to that plane. Thus the solar ray, considered with respect to the work of heat- 
ing, heats most strongly when it strikes a surface at right angles; but when at 
oblique angles, it warms less, in the measure that the line drawn from the sun 
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perpendicularly to the same plane continued is shorter than the oblique ray. 

The following explanation will be more elegant: If you consider that the whole 
globe is made up simply of threads, whereof the longest threads are those in the 
great circle of the globe; and the shorter, those in the latitudinal circles. In this 
way not only will EG, like JH, be a thread; but also the aforementioned sines 
LC and KF, which are marked out by the solar ray AH and AJ at the termini 
C and F: those sines are latitudinal threads. Therefore the smaller CL and FK 
are than GE and HI, so much the less of the forces from the solar ray does any 
one thread of the whole body admit into itself, on account of the solar ray falling 
obliquely upon itself. Thus the solar ray, by marking out the latitudinal thread, 
marks out the sine, which is the measure of the portion of its virtue received 
into the threads. 

Furthermore, every artificial or natural movement, in which the same or 
analogous principles concur, is measured out by the sines of the angles; but 
principally and most clearly, the movement or tendency [nisus] of the arms in 
the balance and in the lever. Accordingly since this libration too takes place 
between movements which are natural in a wider signification—because the 
libration power of the solar form is a partaker of dimensions, and somehow, 
though without matter, corporeal; but the lay-out of the threads in the planet 
again is corporeal; it is not absurd that this libration too should get the same 
laws as the balance and the lever. And that is all the more probable in the case 
of the libration towards the sun, because the progression of the planet in longi- 
tude along its orbit, by reason of intensification or remission, z.e., by reason of 
speed and slowness, obeys the laws of the same balance or lever, as was said in 
Book iv, page 887 and 906, and will be made clear below in many ways. 


[651] Compare this speed of libratzon with the proportionalities of the balance. 


The line from the sun into the threads is like the haft of the balance, the 
threads like the arms of the balance; and the regions of the threads like the 
tray; and the weights in the trays are, in the case of the planet, the attraction 
towards the sun, or repulsion from the same; and both are of the same family of 
things. For as the sun attracts the planet, so the Earth attracts bodies, and on 
account of this attraction, bodies are said to be heavy. But the sun attracts the 
planet with respect to one region and repels it with respect to the other, and does 
this with varying intensity; while the Earth attracts weights without any dis- 
tinction being made as to posture. Accordingly that which in the balance is in- 
equality of weights, in the planet becomes the diversity of posture of the threads 
with respect to the sun: for here the planet exhibits both weights on the balance 
as the same weight. And just as in the balance, the heavier weight comes down 
towards the Earth, and the lighter moves up away from the Earth; so in this 
case the whole globe of the planet suffers the affect (affectionem) of the prevailing 
region. Hence if the friendly region is more attracted by the sun [than the un- 
friendly region is repelled], the whole planet approaches the sun; but if the un- 
friendly region is more repelled, the whole globe of the planet is repelled by the 
sun. Therefore too the measure, in accordance with which the weights of the 
balance are at war with one another, will be dominant in the disbursing of this 
attraction and repulsion. But in the balance the victory of the weights is evalu- 
ated [652] at the sine of the complement of the angle between the haft or handle 
(manubrium) and the arm of the lighter weight, as will be proved. Wherefore 
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too in the libration of the planetary body towards the sun, the passion of the 
region of thread nearer the sun will overcome the passion of the opposite region 
in the ratio of the sine of the complement of the angle between the solar ray and 
the thread. But the effect of victory, in the movement of the planets, is the 
strength of the libration belonging to each position. Accordingly this strength, 
or the increment born of that [strength] of libration, will similarly be evaluated 
at the sine of the complement of the angle with the threads. 

Let AD be the handle or haft; and let AB and AC, the arms in the same 
straight line BC, be each equal to AD. Let H 
be the lighter weight hanging from B: and J, 
the heavier weight, hanging from C. Accord- 
ingly the weights, which by their power 
(potestate) are at points B and C, have an al- 
titude as great as BC the length of the arms; 
and the weights contend for this altitude, 
which is DE. For if the greater weight com- 
pletely overcame the other, the arm BA 
would coincide with the handle DA; and the 
greater weight C would be in the place of 
altitude #, and would lift the lesser up to D 
the very top; but because the heavier weight 
does not overcome the lighter completely, 
therefore the perpendicular BF drawn from 
the end of arm B to the handle DA shows 
that the weight B is lifted through F'A, a part 
of the altitude, and that the weight C goes 
down the same amount, namely through AG. 
Accordingly 

DF : FE :: weight H : weight J. 
FE: FG: : weight I : weight J—weight H. 
DE:FG::DA:FA:: weights I & H : weight J—weight H. 
But if BA is set down as the total sine, A will be the sine of angle FBA, which 
is the complement of angle FAB. 

In the same way if HA is the ray from the sun, BC the magnetic thread of the 
planetary body, H or B the lesser strength of repulsion, and J or C the greater 
strength of attraction—because C' has approached nearer to the sun than B— 
then, if BA exhibits the strongest attraction and with no angle BAD, AF will 
represent the attraction at the existing angle BAF or GAC. 


Apply these things to the proportionality of the lever too. 


The proportionality [ratzo] of the lever is the same, with only the following 
difference: [653] in the balance the fulcrum A is at the midpoint between B and 
C the extremities of the arms, and thence the unequal weights make BC not 
remain parallel to the horizon: but in the lever the line of weights remains paral- 
lel to the horizon, while the fulcrum divides the length of the arms not at the 
midpoint but nearer the heavier weight, so that the arms have the inverse ratio 
of the weights. 

For example, if DA the handle of the balance is equal to the arms BA and AC, 
a lever will be formed, and the weights hanging from B and C will be suspended 
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at equilibrium with respect to the horizon—as follows: DK the perpendicular 
drawn from D to BC will be the handle; and BK and KC will be the arms; and 
as formerly DF was to FE, so now BK is to KC. Then as BK the shorter arm 
is to KC the longer arm, so the lesser weight H to be suspended from C is to 
the greater weight J to be suspended from B. 

The reader must be warned that mechanical experimentation is difficult: be- 
cause the weight and thickness of the arms themselves cannot be guarded against 
mechanically. Now they ought to constitute geometrically a pure line without 
weight and width. It may be seen in Archimedes how we must meet this hin- 
drance in part. 


I grasp that the measure of the strength, or of the increment of libration, at any given 
posture of the threads of the planetary body must be sought from the complement of 
the angle made by the thread with the solar ray; but because it seems that this angle 
is discovered with difficulty, in that not only is the body continually transported 
from place to place, but also its threads are deflected; does not this measure seem 
uncertain and therefore unsuited for use? 


On the contrary, on account of this deflection of the threads, that angle can 
be converted to the arc of the orbit, so that from this arc will come the same sine, 
1.e., the same measure, and for this reason that measure is very well adapted 
to use. 


Teach and demonstrate this converting of the angle to the orbit. 


You remember that at the start when the planet is at the apsides, [654] 7.e., 
at the beginning of the orbit, the angle between 
the ray of the sun and the thread is a right angle. 
Again in Book tv, page 941, it was shown that 
thread NQ of this figure points towards A the 
sun, or is one with NA the ray from the sun—the 
angle here being null—when PN a quadrant of 
the orbit from apsis P has been traversed: hence 
the arc of the orbit from the apsis measures the 
complement of this angle. Therefore it remains 
to be demonstrated, that even the intermediate 
angles made by the thread and the sun, as HJA, 
between a right angle and no angle, have as their 
complements the middle arcs of the orbit, as PJ, 
between no arc and a quadrant, so that the two 
together make 90°. 

It is demonstrated as follows: On page 944, 
it was said that JS : NB: : angle HIS : angle 
QNB. That [ratio] is used for the sake of discern- 
ing JS and NB, although, by the force of physical 
speculation, that [ratio] is true of the sines of 
angles JAP and NAP. But now 
. sin AJB :sin ANB::sin JAP :sin NAP. 

or 


we BI:BA::sin BAI: sin BIA. 
n 
BI:BA::BN:BA::sin BAN: sin BNA. 


a a ae 
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Therefore 
sin BAI: sin BAN ::sin JAP :sin NAP::sin AIB:sin ANB. 

Therefore if the foregoing terms are compared with one another, angle HIS 
will be found equal to angle AJB, and angle QNB to angle ANB; and, if equals 
are subtracted [from equals], angle S78 will be equal to angle HJA—just 
as, by proportion, angle BNB will be equal to angle ANA. But the measure 
of angle SJB is arc JN, because the measure of angle SBI is arc PI. Therefore 
too the measure of angle H/JA will be arc JN, the complement of arc PI. 
Therefore, given PJ the arc of the orbit, SZ the sine of the arc, 2.e., the measure 
of the increment of libration, is also given immediately. 


2. ON THE SUM OF THE LIBRATION GONE THROUGH WITH 


I comprehend the measure of the increment, or of the strength of libration, at any 
given moment. But I should like to know the measure of the part of the libration 
gone through with from the beginning up to that moment. 


That measure is got from the versed sine of the same orbital arc so far 
traversed. For as the whole major diameter of the ellipse is to the total li- 
bration, or—what amounts to the same—as the semidiameter of the orbit 
is to the eccentricity, so also the versed sine of each arc on the orbit starting 
from the apsis is to the part of the libration which is gone through with in the 
meantime, while the planet is traversing that are. 


By what means is this demonstrated? 


By means of that very measure of the increments of libration which has 
just now been confirmed by its 
own demonstration. 

For let PD be a perfect circle 
whose centre is B. Let A be the 
sun, and PBAR the line of the 
apsides: and let P and F# be the 
highest and lowest apsides. Let 
AB be the eccentricity; and let 
its double, PB, be the total li- 
bration. Now let the circle be 
divided into equal least parts— 
starting at P. And let the parts 
be PK, KG, GD, DN, NS and 
SH. And from these divisions let 
the perpendiculars KX, GF, DB, 
NA, and SY be drawn to PR. 

Therefore, by the foregoing, 
as the sine KX is to sines GF, 
DB, NA, SY, and RR—a point 
instead of a line—so the incre- 
ments of libration correspond- 
ing to arcs PK, KG, etc. are to one another—that is, as PM is to MI, IF, 
FQ, QV, and VB. And that is true provided it is understood that the division 
is continued to infinity, when KX and RR are understood to be equal. There- 
fore since points P, M, I, F, Q, V, and B are put down as separating the said 
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increments of libration; let them be transposed to the different distances 
of the planet from the sun A: that is to say, with A as centre and with in- 
tervals AM, AI, AF, AQ, and AV let the arcs ML, IH, FE, QO, and VT be 
described in such fashion that a planetary orbit [656] which is an ellipse may 
be understood to drop from P to & through the points L, H, E, O, and T. 
The distances of the planet from the sun will be AP, AL, AH, AE, AO, AT, 
and AR. But the versed sines of the said arcs PK, PG, etc. will be PX, PF, 
PB, PA, PY, and PR. I say that as the whole diameter PR, the sagitta of arc 
PDR, is to PB the total libration, so the sagittae of the single arcs are to the 
single increments of libration, namely so is PX to PM, so PF to PI, so PB to 
PY, sozPAsio PQ, so PW te, EV: 

For it has been put down that PM and PI the parts of the libration are 
in the ratio of the sines KX, GF, etc. But now also the parts PX, PF, etc. 
of the total sagitta PR are in the same ratio of the sines KX, GF, etc.—and 
in the same state of infinite division, where—no less than before—the point 
R plays the role of line RR. 

Therefore, by alternation, the parts of the libration correspond in the same 
ratio to the parts of the sagitta—and as a consequence, any total portion of the 
libration from the beginning P corresponds to its total sagitta in the same ratio. 


[657] Whence do we know that the parts PX and XF of the diameter PR, considered 
as the sagittae are in the ratio of the sines KX and GF which determine them? 


Pappus made a demonstration, Mathematical Collections, Book v, Prop. 36. 
If a sphere—to be understood by PGZ—is cut by any number whatsoever of 
parallel planes, as KW, GZ, etc., then the surface of the sphere and the axis of 
the sections, as PR, are always cut in the same ratio: so that, as the spherical 
surface KPW is to portion of the axis PX, so too the surface KWZG is to the 
portion XF, and so for the rest. 

But if the spherical surface is understood to be divided into an infinite number 
of equal zones, then any zone, say KW or GZ, will be as a circle without width. 
But the circles KXW and GFZ are to one another, with respect to length, as 
their semidiameters KX, and GF, etc. Wherefore too the corresponding por- 
tions of the axis PR, namely PX, XF, will obey the ratio of the sines KX, GF, 
by which they are determined. 

See the Commentaries on Mars, Chapter 57, for an attempted demonstration 
of the same theorem by means of numbers and the sectioning of the circle. But 
in that place this ratio seemed to be somewhat deficient, because I had not yet 
read Pappus. But the reason for that was that I did not take the first sagitta 
from a small enough arc, and that is just as if, in Pappus, you were to divide 
the spherical surface into parts not smaller than 1° in width. For then the 
width of the narrowest zone would necessarily be twice that which would be 
true. 


Although PK, KG, and the remaining arcs taken from the circle are equal, yet 1t does 
not seem that PL, LH, etc., the arcs of the true orbit are equal, but are greater towards 
Is. Does not this destroy the certitude of the demonstration? 


Not at all. For the fact that the arcs are greater towards FE [658] must be at- 
tributed to these very librations, as will be apparent below. But the same thing 
cannot be either the only cause or a concurrent cause of itself: so that I may pass 
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over the disturbance, because, even if any is to be admitted, it would clearly be 
imperceptible. 


3. ON THE FIGURE OF THE ORBIT 


I see that the measure of the libration ts found in the versed sines of the arcs of the 
orbit starting from the apsis—by the principles and causes of movement which have 
been assumed. It is left for you to prove that by this form of libration an elliptic orbit 
is constituted, concerning which you have said the observations bear witness. 


That the planetary orbit PLHEOTR and the opposite half becomes an ellipse 
is demonstrated from the properties of this figure which are identical with the 
properties which the libration so far described exhibits. 


What are the identical properties of the ellipse? ‘ 


1. It is clear, from the Conics of Apollonius of Perga, that the ellipse [659] 
around which a circle is circumscribed, with the longer diameter of the ellipse 
as the common diameter, cuts all the ordinates to that diameter in the same 
ratio of the segments. 

For example, if the lines KX, GF, DB, NA, and SY are ordinates applied to 
PR, and if the curved line 
PLHEOTR is an ellipse, then 
necessarily DB: BE :: GF : 
Bd a AX aXAL 3 A. AO os 

Yas WH. 

2. The ellipse has two points, 
from which it is described as 
from centres; I am accustomed 
to call these two points the 
“‘foci.’’? Accordingly if the lines 
drawn from the two foci to any 
point on the ellipse, or even the 
lines drawn from one focus to 
the points opposite the centre of 
the ellipse, are added together, 
they are always equal to the 
longer diameter. Hence when 
they are drawn to those points 
on the ellipse which are in the 
shorter diameter lying midway 
between the vertices, each of them is equal to the semidiameter of the circle. 

For example, if A is the focus, B the centre of the circle, AB and BF equal, 
F will be the other focus. And the sum of AH and HF will be equal to the 
diameter PR. So will the sum of AL and LF, and the sum of AO and OF .. Where- 
fore, since BE is the shorter semidiameter, and £ is the point on it, AE and EF 
will be equal, and each of them will be equal to the semidiameter BP or BR, 
or BD. 

This is applied to the planets, as follows: we have said that observations bear 
witness that the planets are at a distance of the semidiameter of the eccentric 
circle from the sun—one focus of this ellipse—at a time when they have travers- 
ed exactly a quadrant of the orbit from apsis P. 
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Demonstrate that these properties of an ellipse are exhibited in the planetary orbit 
which arises from these librations. 


Then, in accordance with the laws so far given, let there be described a new 
figure, namely, with centre B, 
the circle PDR, to which the el- 
lipse should be tangent. Let PR 
be the longer diameter of the el- 
lipse, and on PR let A bea focus, 
or the place of the sun. Now let 
DT be drawn through B per- 
pendicular to PR; the shorter 
diameter will be on DT. And be- 
cause BA the eccentricity is half 
of the libration, therefore half 
the libration has been completed 
at the completion of the quad- 
rant. Therefore the planet fall- 
ing upon line DB will be less dis- 
tant from the sun [660] than at 
P, and the difference will be 
equal to BA. Therefore it will 
have a distance equal to the 
magnitude PB. Wherefore let an 
interval equalto BP be extended 
from A to DB, and let its ter- 
minus be E. Therefore the orbit 
of the planet will cut DB at E. 
Again let there be taken PG an arc of the circle, and GFZ its sine or ordinate, 
and PF theversed sine. Accordingly make BP be to PF as BA half of thelibration 
is to the part [of the libration] belonging to PG. And when that [part of the libra- 
tion] has been subtracted from AP, let the remainder be extended from A to 
GF, and let its terminus fall upon H. I say that DB: BE :: GF : FH. For let 
square GIOF be described on GF, but square HK on HF, so that the gnomon 
HIK is made. Then let GA and GB be joined; [661] and let the perpendicular 
AC be drawn to GB continued. 

I say in the first place that the square on AC is equal to the gnomon HIK. 

For 


BP:PF::BA:AP—AH. 
Wherefore too 
PB:BF::BA:AH-—BP. 
But too 
PB MBPeUGE Br MAP "SO 
because the right triangles GFB and ACB have their vertical angles GBF and 
ABC equal. Therefore 


BC=AH —BP. 
But too 
CG—BP=CG—BG=BC. 
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Wherefore 
GC =H Ai. 
But 
sq. GC+sq. AC =sq. GA. 
But on the other hand 
sq. AF+sq. FG=sq. GA. 


Therefore 

sq. GF+sq. FA =sq. GC+sq. CA. 
Therefore 

(sq. GC-+sq. CA) —sq. GC=sq. CA. 
But 

sq. AH =sq. GC 
and 
sq. AH=sq. AF+sq. FH. 

Therefore 


(sq. GF+sq. FA)—sq. AH=gnom. HIK. 

From this the remainder of the proposed demonstration is easily woven 
together. 

For as one sine GF is to its perpendicular AC, so all the other sines are to their 
own perpendiculars from A. Therefore as GO the square on the sine is to the 
square on AC, z.e., to the gnomon H/K, so the squares of all the sines are to 
their gnomons. Wherefore also, if the gnomons are subtracted, as GO the 
square of one sine GF is to HK the square on FH—which has been determined 
by HA the distance of the planet from the sun—so the square on any sine is to 
the square of its minor determined by its distance. But if the squares are pro- 
portional to one another, the sides themselves are proportional to one another. 
Therefore as GF is to FH, the portion terminated by AH; so any sine, such as 
DB, is to BE, the portion terminated by AE. And this proportionality [ratio] is 
true of the ellipse. 

The other property of the ellipse is clear of itself. 

For in accordance with the rule of the laws of libration, that is, because half 
of the libration, equal to BA, should be completed in PE [662] a quadrant of 
the orbit, we extend A #—which is equal to BP the remainder [of the libration] 
—from A to DB. For, because A is one focus, if the line extended from B along 
BP is set down equal to BA, the other focus will be marked out: its distance 
from # will be equal to AH, and the sum of the two focal distances will be equal 
to the diameter—and that is the case in an ellipse. 


What ts the ratzo of DE, the width of the crescent cut off by the ellipse from the circle, 
to the eccentricity BA? 

The eccentricity BA is a mean proportional between DE and ET’. In the same 
way too, every perpendicular, such as AC, is a mean proportional between 
GH and HZ, the remainder of the chord. 

For the rectangle GH, HZ is equal to the gnomon H/K. But this gnomon 
is equal to the square on AC. Therefore too the rectangle GH, HZ is equal to 
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the same square on AC. There- 
fore GH, AC, and HZ are in 
continued proportion. 


What shall I hold concerning the 
length of this elliptical orbit and 
of its parts? 

If the figures of the circle and 
the ellipse are cut by an infinite 
number of ordinates, GF, DB 
etc., the first portions ending in 
P will be—GP will be to PH— 
as GF is to FH; but the last por- 
tions ending in D and E—GD 
will be to HE—will be equal to 
one another: so the ratio of DB 
to BE, which started at P, is 
gradually obliterated, and at D 
and EF vanishes into the mere 
ratio of equality. But the total 
ares, which started at P, have to 
one another a ratio compounded 
of all the ratios of all the least 
particles; and so they never lay aside completely the full ratio DB to BE. For 
the quadrant DP is to the quadrant PE, and also the total circular line is to 
the total elliptical line, as DB is to the arithmetic mean between DB and BE, 
which is slightly longer than the mean proportional. 


Because use will also be made of the plane of the ellipse, Laskin what ratio will 
the plane of the ellipse be to the plane of the circle; and hence the plane of any seg- 
ment of the semicircle to the plane of the segment—of the semzellipse—made by the 
same ordinate? 

Apollonius demonstrates in his Conics that the ratio of the longer diameter 
to the shorter holds everywhere. Hence if DB and GF are ordinates, as DB is to 
BE, so is the area of the semicircle PDR to the area of the semiellipse PER; and 
as GF is to FH, 2.e., as DB is to BE, so GPF a segment of the semicircle is to 
HPF a segment of the semiellipse; and so too GRF a greater segment of the 
semicircle is to HRF a greater segment of the semiellipse. 

[664] Now let the semicircle be cut by the straight line GA, but the semiellipse 
by the straight line HA; there will be the triangles MAF and GAF having the 
same altitude FA. Wherefore 

base GF : base FH: : area GAF : area FAH. 


But 
GF :FH:: area GPF : area FPH. 
Wherefore 
GF :FH :: DB: BE :: comp. area PGA : comp. area PHA. 

Finally I should like to know what ratio the lines from the centre of the figure to 
the circumference of the ellipse have to the semdiameter of the circle? 

A very small ratio indeed, as BE is less than the semidiameter BD by Di 
the total width of the crescent. But all the remaining lines, such as BH, have 


= 
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a lesser difference between themselves and the semidiameter BG than at any 
given place, the width of the crescent, such as GH, is. 

For in the triangle GHB, the sum of the two sides GH and BH must exceed 
the third side GB. Therefore the ratio of the defect at E to the defect at H 
is greater than the ratio of DE to GH. But this last is the ratio of the sine 
DB to sine GF. Therefore the ratio of the defect at E to the defect at H is 
greater than that of sine DB to sine GF. 

Conversely, the ratio of the squares on GF and HF is as GF? is to HF?. 
But 

sq. GF-+sq. BF : sq. HF+sq. BF <GF? : FH®. 
Wherefore 
side GB : side BH <GF : FH. 

Therefore the greater BF is, the more the ratio GB : BH is diminished, so as 
not to equal the ratio GF : FH. And conversely, the more PF increases, the 
more the ratio GB : BH increases, approaching the ratio GF : FH. But PF 
increases slowly from P, but quickly near DB. Therefore if GH everywhere 
stayed of the same magnitude, it would vary the defect HB slowly around P, 
quickly around D. But GH does not remain the same, but increases quickly 
around P, slowly around D—that is, it increases with its sines GF and DB. 


Again therefore the defect HB increases quickly around P, but slowly around 
EH. Therefore 


defect EB : defect HB<sag. PB : sag. PF. 
But 
arc DP ;arc PG >sin DB : sin GF 
<sag. BP : sag. FP. 


Therefore the ratio of the defect, of lines BH, [665] approaches the ratio of 
the degrees PG. However, towards D it verges upon the ratio of sine DB to 
sine GF. But towards P it verges upon the ratio of sagitta BP to sagitta FP. 


4. ON THE MEASURE OF TIME, 
OR OF THE DELAY MADE BY 
THE PLANET IN ANY ARC 
OF ITS ORBIT 


How is the plane of the segment 
of an ellipse fitted for measuring 
the delay of the planet in the arc 
of that segment? 


Not otherwise than if by the 
division of the circle into equal 
parts unequal arcs of the ellipse 
are constituted—small arcs 
around the apsides, and greater 
around the mean longitudes—as 
follows: 

With centre B and distance 
BP, let the circle PDRT be de- 
scribed. Let PBR be its diam- 


e) oot 
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eter, and on PBR, as on the line of the apsides, let A be the sun, [666] the 
source of movement, towards R; AB the eccentricity, and BV equal to AB, 
towards P; so that P and & are the apsides. 

Now with the points A and V as the foci, let the ellipse PERI be described, 
which is tangent to the circle at P and R, and which represents the orbit 
of the planet. And let EJ be the shorter diameter, and DT the diameter of the 
circle, which are at right angles to PR. 

Now let the semicircle PDR be divided into small equal parts, and let 
P, O, N, D, R, and T be the points between the divisions; and from these 
points let there be drawn to PR the line of apsides the perpendiculars, such 
as OM and NK, cutting the ellipse at points C and K. Therefore if the points 
C, K, E, and I of the sections are joined with A the sun, I say that the delay 
of the planet in arc PC is measured by the area PCA, the delay in the arc 
PCK is measured by the area PCKA, the delay in PE is measured by the 
area PEA, and finally the delay in PER, half of the orbit from apsis P to 
apsis R, is measured by the area PERP, which is half of the total area of the 
ellipse PERIP. 


[667] Show in what ratio, by means of this sectioning, the mean parts of the planet- 
ary orbit are made greater than the parts around the apsides. 


In the ratio of the longer semidiameter to the shorter. 

For in the circle let there be the equal parts PO and ND—PO at the apsis 
P, and ND at the mean longitude D. Therefore, since on the sectioned ellipse 
the arcs PC and KE correspond to them, it has already been said above that 
KE is equal to ND—the most minute division being supposed—then KE 
will also be equal to PO. Moreover, it was said that as OM is to MC, 1.e., as 
DB is to BE, or the longer semidiameter PB to the shorter semidiameter 
BE, so PO the arc of the circle is to PC’ the arc of the ellipse; therefore as 
PB is to BE, so also will KE the arc of the ellipse at the mean longitude be to 
PC the arc at the apsis. 


What follows from this sectioning of the elliptic orbit into unequal arcs? 


It follows that equal areas are assigned to the sum of the [two] smaller 
orbital arcs taken around both apsides and to the sum of the [two] greater 
arcs taken around both mean longitudes, as the measures of the delays in those 
arcs—though nevertheless the sum of the [two] smaller arcs is as equally 
distant from the sun as the sum of the [two] greater arcs. 

For as above let PC and RG be equal. The areas PCB and RGB will also 
be equal. Again let KH and LI be equal to one another, but greater than the 
former arcs, as has already been demonstrated: the areas KEB and LIB will 
also be equal. 

But it has already been demonstrated that 

Pe : BE: ORE Be 
in the given sectioning of the orbit. Accordingly there are the triangles BPC 
and BEK—rectilinear or as it were reciprocal, because as BP the altitude 
of the first triangle is to BE the altitude of the second, so is KE the base of 
the second triangle to PC the base of the first triangle. 
Wherefore 
area BEK =area BPC. 
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Therefore 
area BEK+area BIL =area BPC-+area BRG. 
But 
area BPC+area BRG=area APC+area ARG, 
because 
[668] alt. BP+alt. PR=alt. AP+alt. AR. 
And 


area BEK-+area BIL=area AEK-+-area AIL, 

because on base EK or on the line touching it at H, the triangles BEK and 
AEK have the same altitude BE and the same base EK, and on base JL or 
on the line touching it at J the triangles BJL and AJL have the same altitude 
BI and the same base /Z. Therefore the areas EAK and JAL are assigned 
to the long arcs AE and LI; and areas APC and ARG, which are equal to them 
[in sum], are assigned to the shorter arcs PC and RG, since nevertheless the 
sum of the distances EA and AI from the sun is equal to the sum of the dis- 
tances PA and AR, as was demonstrated before. 


If equal areas are assigned to unequal arcs equally distant from the sun, while the 
times or delays of unequal arcs equally distant from the sun ought also to be un- 
equal—by the axiom employed above—then how do equal areas measure unequal 
delays? 


Although in this way the pairs of arcs are really unequal to one another, 
nevertheless they are équivalent [aeguipollent] to equal arcs in partaking of 
periodic time. 

For it has been said in the above that, if the orbit of the planet is divided 
into the most minute equal parts, the delays of the planet in them increase in 
the ratio of the distances between them and the sun. But this is to be under- 
stood not of all equal parts as such, but principally of those which are opposite 
the sun in a straight line, as PC and RG, where there are the right angles APC 
and ARG. But in the case of the other parts which face the sun obliquely, this 
is to be understood only of that which in any of those parts belongs to the 
movement around the sun. For since the orbit of the planet is eccentric, there- 
fore in order to form it two elements of movement are mingled together—as 
has been demonstrated already: one element comes from the revolution around 
the sun by reason of one solar virtue; the other comes from the libration towards 
the sun by reason of another solar virtue distinct from the first. For example, in 
are JL the termini J and L are at unequal distances from A the source of move- 
ment; therefore let AL continued to Q as AQ be a mean proportional between 
AL and AI. And if with centre A and distance [669] AQ the arc QS is described 
cutting the longer line AJ in S, arc QS is of the first element of the composite 
movement; but the difference between AL and AJ, or the sum of LQ and SJ, is 
of the second element of the movement, which must be separated out in mind. 
For none of the periodic time is due to it, since it [the second element] has 
already in the above received its own portion under other laws, when it was a 
question of the libration. But this second element of movement can be separated 
out in no other way than by this sectioning of the orbit into unequal parts, 
which we gave above. For the quantity whereby the sum of the arcs KE and 
LI exceeds the sum of the arcs PC and RG comes wholly from the second ele- 
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ment of the movement; and p 
with that excess separated out, 
there remains of the first ele- 
ment something which is equal 
to the sum of the arcs PC and 
RG, which I demonstrate as 
follows. 

For by the above demon- 
strations, AE and AJ are equal 
to BP and BR. Let ares [of cir- 
cles] be described through 
points # and J, and let the first 
arc cut away and subtract as 
much from the area AEK to- 
wards K, as the second arc 
adds to area AIL above L: 
Hence in this fashion the tri- 
angles—or rather sectors—get 
these new right bases instead 
of the oblique bases KE and 
LI: Wherefore if the area equal 
to the sum of PCB and RGB is applied to AE and AT, the bases or arcs described 
through HE and J are equal to the bases described through P and R&R. But it was 
previously demonstrated that 

area KHA-+area LIA =area PCB--area RGB. 
Therefore the sum of the oblique bases KE and LI which has to do with the 
revolution around the sun is equal to the sum of the ares PC and RG, where 
almost no libration with respect to the sun is mixed in with it, because AP and 
AC are imperceptibly different, like AR and AG. 

The same things will also be demonstrated of the other small parts of the 
orbit: for example, if CF is taken and CB and FB are continued to G and H, and 
if GH, corresponding to CF, is joined, and the four points are connected with A 
the source of movement. For it was demonstrated in the above that 

CA+AG=PA+AR=PR 


— 


td a? 
le ne te 


and 
FA+AH=PA+AR=PR. 

Wherefore too, as previously, _ 

area ACF-+area AGH =area BCF+area BGH, 
and hence 

area ACF-+area AGH =area APC+area ARG, 
although by the proportionality of sectioning set up, CF [670] will be slightly 
longer than PC, and GH longer than RG. For the sum of the new arcs described 
with centre A and distances AC and AG and cutting AF and AH will be equal 
to the ares PC and RG; because the greater the circle of the first arc than the 
circle of the second are, the smaller an angle CAF does the first are measure, 
and the greater an angle GAH does the second are measure, so that thus 

angle CAF+angle GAH =angle PAC-+angle RAG. 
Therefore, since the regularity of the first element in the planetary movement, 

namely the regularity of the progression around the sun, consists in the equality 
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of the angles around the sun, 7.e., in the equality of the sum of two angles; and 
since the area of the ellipse is equally distributed among the arcs which subtend 
these angles, that is, two areas are always equal to two other areas: therefore 
rightly—up to now and in so far as we are dealing with pairs of ares—is the area 
set up as the measure of time; because the delays of time ought to be equal not 
to equal ares as such but to their equal progressions around the sun, at the 
same distance from the sun. 


Then in this way let the area of the ellipse be rightly distributed between the pairs of 
opposite arcs; now demonstrate that the single triangles are separately the most 
exact measures of the single delays? 


The demonstration is easy by means of the foregoing. 

For since by our axiom the delay of the planet in arc PC is to the delay i in the 
equal arc RG, as AP the distance of arc PC from the source of motion is to AR 
the distance of arc RG; but since also the area of triangle PCA is to the area 
of triangle RGA—which has its base RG equal to PC the base of the first tri- 


RGA: Wherefore the delay of the planet in arc PC is to the delay in the equal 
arc RG as the area of triangle PCA is to the area of triangle RGA. 

In the same way it will be demonstrated that the delay of the planet in CF 
—which is equal in power (potestate) to CP—is to the delay of the same in GH, 
as the area ACF is to the area AGH—where the sum of each pair of areas is 
equal to the sum of the [two] prior areas, and so on in order. Therefore the total 
area of the ellipse—which has been cut up at A into triangles—[671] is dis- 
tributed among the arcs in the same proportion wherein the total periodic time 
has been distributed among them. Therefore the single triangles are pro- 
portionally the most exact measures of their single arcs. 

A demonstration of this full equivalence is given in my Commentaries on 
Mars, Chapter 59, page 291. On that page at the line Apszs longiorem, one 
word, erz?, has brought in great obscurity; and if you change it to compu- 
taretur, everything will be clearer. Although I confess that the thing is given 
rather obscurely there, and most of the trouble comes from the fact that there 
the distances are not considered as triangles, but as numbers and lines. 


5. On THE EQUIVALENCE OF THE CIRCULAR PLANE AND THE PLANE 
OF THE ELLIPSE IN MEASURING THE DELAYS IN THE ARCS 


Does it not seem to be a hard, unaceustomed, not to say complicated, job for 
the calculator to be reduced to using the plane of the ellipse in computing the 
time? 


On the contrary, in the opinion of all the job becomes easier by the em- 
ployment of the elliptical plane instead of the circular; so much so that 
the ancient calculus is by no means to be enrartatest to this new one for 
ease. . 


Demonstrate the equivalence of the planes with respect to measuring time. 


Then let there be repeated the figure exhibited on page 978 where we demon- 
strated the generation of the plane of the ellipse. 
And because it has already been demonstrated that as half of the periodic 
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time—wherein the planet traverses PER half 
of the orbit—is to the time which the planet 
spends in PH or in PE, precisely so is the area 
PER to the area PHA or PEA. But it was also 
demonstrated above that 
PDR:PER::PGA:PHA::PDA: PEA. 

For they all have the same ratio as [672] DB to 
BE. And thus too, by alternation, as the area 
PER is to PHA or to PEA, so the area PDR 
is to PGA or to PDA. Therefore as half the 
periodic time of arc PER is to the time of arc 
PH or PE, so the area PDR isto PGA or PDA. 
Wherefore in these segments of the semicircular 
plane there is found a very exact measure of the 
delays which the planet makes in any given arc 
of the ellipse. 


Now also show the convenience of this measuring. 


Let the segment PGA be taken, and let a straight line be drawn from G 
to the centre B. Therefore the ratio of the sector GBP to the whole plane of 
the circle is given by the given magnitude of the arc PG—so that there is no 
need of computation. For the total periodic time and the total plane of the 
circle are divided into 360°—astronomical fashion. Therefore GBA the other 
part of the segment is left. But the computation of it is easy. For as DB the 
total sine is to GF the sine of the given arc PG, so is area DBA to area GBA. 
Therefore once the area of the great triangle DBA has been determined, that 
is, by the multiplication of half the eccentricity by the total sine and by the 
conversion of the result into astronomical terms, it will ever afterwards be 
useful. 


Does not the circular plane have some other further use? 


In the schema of the moon there is a special use of it in demonstrating one 
of its irregularities, which the moon possesses uniquely, in contrast to all the 
other planets. But because this Fifth Book is given over only to those properties 
which are common to all the planets; therefore what remains of the geometrical 
apparatus for carrying out the demonstration of this special use is rightly 
postponed to Book vi Part Iv, 7.e., to the schema of the moon. 


In what way does the old Ptolemaic astronomy measure the delays of the 
planet in any arc of tts eccentric circle, or what does 1t have instead of the cir- 
cular plane? 


For this it uses a special circle, which has the name of “‘equant,’’ [673] of 
which the centre would in our figures be the other focus—in the last diagram, 
F, in the next to the last, V; because the other focus is as far distant, towards 
P the highest apsis, from B the centre of the eccentric circle, as A the sun, 
towards R the lowest apsis, is distant from the same centre of the eccentric 
circle. For if a line is drawn from V the centre of the equant through the body 
of the planet, the arc of the equant intercepted between this line and VP the 
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line of the apsides is set down as the measure of the time which the planet 
spends in the arc of its orbit. 


This hypothesis seems to be more convenient for manual representations by means 
of the instruments called schemata: why do you not keep it, since you have already 
twice employed substitute quantities in place of the true? 


1. Because the equant never says the truth perfectly, unless we wish to 
give its centre an irregular movement of libration. And in that way we should 
draw away from simplicity of hypotheses, and set up an astronomy which is 
more complicated and laborious in practice than the astronomy of these two 
books, the fourth and fifth, in the explanation of causes. And with these causes 
once perceived, and not even believed in but merely laid down; practice after- 
wards becomes easy in the second part of Book v and in Book v1. 

2. Because in Ptolemy the proportionality (ratio) of this equant is one 
thing in the higher planets, something else in the two lower planets, some- 
thing else in the moon, and now it would be something else again in the sun. 
But for us the plane of the eccentric circle serves the same use in the same 
way in all the planets. 

3. Because the equant circle is very distant from the true causes of the 
movements. And the plane of the [eccentric] circle represents these causes 
very closely, because it is of the same family as the plane of the ellipse. 

Let it be understood that the same things are spoken against other equi- 
valences, which the wonderful force of human ingenuity is accustomed to 
bring forward: for example, by means of a single libration of the centre of the 
eccentric circle in the shorter diameter of our ellipse—although the libration 
needs the contrary motions of two equal circles—[674] David Fabricius both 
saves the movements inward of the planet away from the sides (a lateribus) 
of our immovable eccentric circle and at the same time gives the apsis a move- 
ment of libration—so that now, by means of numbering continued from the 
apsis, which has the libration, to the planetary body, the eccentric circle 
itself furnishes us with a measure of time. For neither absolute regularity of 
movements nor perfect precision is obtained, nor is there a curtailment of 
labour. And the causes of the movements are hidden and denied. 

But I absolutely reject the Copernican machinery, which makes two epicycles 
having the ratio of one to two in their movements revolve on a concentric circle. 
For observations bear witness that at the mean positions between the apsides 
the planet moves inward towards the sides. But this Copernican hypothesis by 
a contrary proportionality [ratione] makes it wander outward.! These small 
parts of the Copernican hypotheses must be completely corrected. But his 
general hypothesis of the annual movement of the Earth must be saved, whence 
the name of this teaching comes. 


6. On THE REGULARITY OF THE DIGRESSIONS IN LATITUDE 


The calculus of latitude 1s not certain, is it, if there are no solid spheres, even though 
special threads in the planetary body take their place? 


If we lay down those things which were laid down in Book rv, page 948, and 
See Revolutions of the Heavenly Spheres, Book v, Chapter tv. 


986 KEPLER 


which are absolutely possible and concordant, 
then it is absolutely necessary for the perfect 
plane of an ellipse to arise. 

For in this diagram let TZX be a circle 
through the poles of the ellipse. Either let A 
be the sun, if TZX is a plane; or, if TAX is a 
hemisphere, let A first be the position, on the 
concave surface, of the lower intersection of 
the ellipse 7X and EG the orbit of the planet, 
—so that the poles of the orbit are at Z and W. 
Let the threads of latitude point along GA 
[dirigantur secundum GA]; and let them have 
the faculty of deflecting the movement XAT, 
given by the sun, through the angle GA X; and 
during the whole circuit let the threads remain 
parallel. [675] It is clear that while the planet is turning at A the lower section, 
the threads stretched along GA will direct the planet according to the total 
angle, and the planet will come in a perfect plane as far as G, by ascending up to 
the plane drawn through the poles. And because now the thread at G points 
towards the sun A and not crosswise over the ecliptic; accordingly here the 
planet will not digress any farther, but G will be the limit: thence, gradually 
raised up above the plane ZXW, the planet will direct its thread along the line 
drawn from intersection A through the sun A, until the planet comes to A, now 
the upper intersection on the convex surface. Therefore just as at A there is 
the greatest angle of inclination of the thread with the ecliptic 7X, and the 
angle decreases rapidly; but at G and # there is no angle of inclination of the 
thread with the plane [longitudinem] of the ecliptic, and this smallness of in- 
clination lasts a long time; so too if out of the circuit HAG there is made a per- 
fect plane, its parts at A have their greatest inclination with the ecliptic TX, 
and the inclination decreases quickly. But around G and F the rim of the plane 
—which is understood to stretch downward into the depth of the sphere or up- 
ward—extends for a long time approximately parallel to the plane of the ecliptic. 
Therefore if instead of the operation of the thread we employ the product itself, 
that is, HAG, as a perfect plane, the calculus will be absolutely consonant with 
the principles. 


CONCLUSION OF THE First Part oF Book v 


Then let what has been written so far be done for geometers endowed with a 
keen mind, who do not think it right to admit into their calculus that which 
has not been confirmed by a very accurate demonstration and deduced from 
the natural principles of the movements. 


Part Two 


On THE ASTRONOMICAL TERMS ARISING FROM CALCULATIONS AND THE! 
EccEeNnTRIC ORBIT 


[676] How is the orbit of any planet called? 
It is called by the ancient name of “‘eccentric,”’ sc. circle. For even if the orbits 
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are elliptical, as PERI here, 
and have as it were two cen- 
tres, A and L, which, in phys- 
ical language, we call the 
“hearths” or “foci,’”’ and the 
sun itself, as centre of the 
world, is situated at one of 
those foci; nevertheless also 
the point midway between the 
foci, as B, is with peculiar [677] 
rightness called the ‘‘centre”’ 
by writers on conics. And fur- 
thermore, for the sake of 
measurement, a perfect circle 
PDR having its centre B dis- 
tinct from A the centre of the 
world is circumscribed around 
the figure. 


In astronomy, what name does PR the longer diameter of the ellipse have? 


It is called the “line of apsides,’”’ because, since it is drawn through A the 
centre of the world and B the centre of the orbit, its sections with the orbit 
designate P the highest apsis and RF the lowest. 


Why are they called the highest apsis and the lowest, and what other name do they 
have? 


The word ‘‘apsis’’ is taken from wheels; for the apsides are points on the ec- 
centric, P the farthest away from A the sun and F the nearest to it. But in 
geometry the explanation of the meaning is clearer. For the word “apsis’’ is 
derived from “being tangent”; and indeed in points P and & the director circle 
is tangent to the elliptic orbit. The Latin translations of Arabian books express 
the Greek words ‘‘apsis,”’ “apsides’’ by the words ‘‘aux,” ‘“‘auges’’—as if the 
Arabs had changed the Greek Psi to Xi. However some one who boasts a knowl- 
edge of the Arabic language asserted to me that the word “augh”’ signifies alti- 
tude. 

Book vi will call those points the ‘‘aphelion”’ and the ‘‘perihelion,” in the 
case of the primary planets; and in the case of the moon, the “apogee”’ and the 


What necessity compels us to suppose, instead of the circular route of the planet 
believed in by the ancients, an elliptical route, i.e., one falling away from the circle, 
and to set up in rt a longer diameter and on that longer diameter the sun? 


Both of them are demonstrated from the observations and by means of 
a very sure demonstration in the Commentaries on the Movements of the Planet 
Mars, and they are employed in Book rv on page 862 in the diagrams and 
on pages 910 and 932 and 933, and also in the first part of Book v. There- 
fore, unless we made these hypotheses, we should never represent the ob- 
servations, 
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[678] By what names do we disiinguish from one another the semicircles into which 
the line of apsides divides the eccentric? 


The one half, PER or PDR, is called the descending or the prior semicircle; 
the other, RIP or RTP, the ascending or posterior. 


What is eccentricity? 


In Greek, éxxeyrpérys is the line joining A the centre of the world, or of 
the body around which the movement is arranged, and B the centre of the 
eccentric-—namely AB, part of the line of apsides PR. 


What is the name of the lines drawn to the eccentric orbit from the centre of the 
body around which the movement 1s arranged? 


In Greek, they are called dmoorjyara; as latinized, “intervals” or “dis- 
tances”; in translations from the Arabic, ‘‘elongations’”—for example, AP, 
AC, AE, AM, AS, AF, AR, AN, AQ, etc. 


[679] Which among these elongations are the more important? 


AP, the longer elongation, in Arabic, or the aphelial or apogeal distance; 
AR, the shorter elongation or perihelial distance or perigeal distance, in the 
case of the moon; and the mean elongation, which is the arithmetic mean 
between the longer and shorter elongation: the one which is in the descending 
semicircle, namely AZ, is called the first mean elongation, and the one in the 
ascending semicircle, such as AJ, the second. 


What else does ‘‘mean elongation” signify? 


By metonymy, it is used for those points on the orbit which are at a mean 
distance from the sun, such as # and J, namely those points which are at a 
distance of a quadrant or 90° before or after the apsides. And sometimes it is 
also used for the point in the zodiac which is 90° distant before or after the 
position in the zodiac on which the extension of the line of apsides falls. 

Here we must note emphatically that it is not the extension of line AE of 
the same name which falls upon this degree of the ecliptic called the mean 
elongation, but rather line BE from the centre, or its parallel, AJ/—as being 
lines which make right angles with PR the lines of apsides. 


What is the name for the difference between the mean elongation or distance and 
any other whatsoever? 


This difference is called the “libration” of the planet, because the total 
libration, as in the movement of the trays of the balance, is slow in the be- 
ginning, when the planet is at its greatest distance from the sun, and in the end, 
when the planet is nearest the sun; it is fast in the middle. 

In the diagram, since AP is the longest distance, and AR the shortest, 
then let AR be transposed to line AP and extended from A to G, so that the 
total libration can be laid before the eyes in a single line AP which is as it were 
at rest; the total libration will be PG, twice the eccentricity BA. Accordingly 
this iprition’ is slow around P and G, [680] namely when the planet is either 
in P or in R, fast around H, when tne planet or line AH has been transferred 
to line AZ or Al. 


EPITOME OF COPERNICAN ASTRONOMY, V 989 


You have said that a circle ts circumscribed around the orbit for the sake of measure- 
ment. State in how many ways this circle conduces towards the measurement of 
that orbit. 


Four ways: (1) This circle designates and divides the arcs of the elliptic 
orbit. For example, are PC receives its name and specification from are PK. 

(2) The circle gives the measures of the librations of the planet and thus 
determines the lengths of the intervals between the planet and the sun. For 
example, AC or AO is determined by arc PK or its complement KD, because 
arc PK gives the magnitude of the libration HO which must be added to the 
semidiameter AH. 

(3) The circle exhibits also the measure of the time which the planet spends 
in any arc of its elliptic orbit. For example, we learn through arc PK how long 
the planet moves in are PC. 

(4) When those things have been found, we can also investigate the angle 
at the sun subtended by the arc of the orbit. For example, if arc PK is not 
known, if line AC is unknown, angle CAP cannot be found. 


1. CONCERNING DESIGNATION 


In what way does the circle designate and divide the arcs of the ellipse, and by 
what means, and wherefore? 


Since the circumference of an ellipse cannot be divided geometrically into 
equal parts, nor can parts into which it has been divided be designated from 
their number: therefore, in place of the ellipse, the circle is divided into equal 
parts—starting from the apsides, and from the points of division perpendicu- 
lars cutting the ellipse are drawn to the line of apsides. Therefore the arc of 
the circle between the aphelion and any perpendicular whatsoever supplies 
the name for the arc of the ellipse intercepted, between the same limits and 
applies its number of degrees and minutes to that arc. 

[681] Let are PK be 50°0’, and KL cutting the ellipse in C perpendicular 
to PR. Therefore too PC the arc of the ellipse is said to be 50°0’. 


But the name is untrue, since the arc of the ellipse 1s not so great—neither with 
reference to the circle nor with reference to the total elliptic orbit. 


This causes no trouble, for there is no question of anything at present except 
the name; and the name is not the name of the apparent measure, but of the 
geometrical determination and division. And there is no need to know the 
true length of the arc of the ellipse as if measured with a yardstick, provided 
we may afterwards learn how great an angle is made at the centre of the sun 
by the arc of the ellipse so determined and how long the planet delays in that 
arc. As a matter of fact, in the first part of Book v, I demonstrate that this 
arc of the ellipse is as great, if not in length, at least in power. 


How are these perpendiculars called which cut the ellipse? 


In the circle, they are called the sines of the arcs of the circle which begin at 
the aphelion; in the ellipse, they are generically called ordinates, v7z., to the axis. 
For example, here KL is the sine of arc KP. CL is the ordinate. 

But specifically, that which is drawn through the centre of the figure—as 
EBI—1s called the shorter diameter or minor axis of the figure. We can employ 
the Greek term “diacentre.”’ Finally, the perpendicular, such as MAN, which 
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passes through the centre of the sun is without a name, although it is among the 
principal ones. Let it be called by the new name “‘dihelion.”’ 


Now what ts the function of those two perpendiculars, the diacentre and the dthelion? 


They divide the orbit into upper and lower parts: the diacentre, into parts 
which are equal but unequal in respect to time and apparent movement; the di- 
helion, into parts which are [682] unequal both in time and in length but which 
none the less appear equal as it were from the sun. 

For example, &PI which is constituted by EBI is 180°, but it appears to 
be less than 180° by angle EAT. But the greater segment MPN cut off by line 
MAN and MEN the lesser segment both appear equal in magnitude to 180°. 


2. CONCERNING LIBRATION 
Tell how to measure and compute the librations and how to determine the intervals. 


Let PK be an arc of the eccentric less than 90°, for example, 46°18’51” ; there- 
fore KD its complement will be 43°41’9”, and BL its sine, 69.070; and let ec- 
centricity AB or half libration PH be 9.265, whereof BP is 100.000. Therefore 

9.265 X 69.070 = 6.399, 
if the last five decimals are ignored; and hence the libration OH will be 6.399, 
which is to be added to BP or AH in the upper semicircle; and AO or its equal 
AC, namely the distance of the planet from the sun will be 106.399 (whereof the 
semidiameter is 100.000) which goes with arc PK or PC. 

But if the arc of the eccentric is 313°41’9”, the excess over and above three 
quadrants or 270° will also be 43°41’9”, which gives the same sine as a multi- 
plicand. Hence when the libration of 6.399 is produced, that same number is to 
be added to the upper semicircle which is an ascending semicircle. 

But if the semidiameter BP receives a different mensuration, for example, 
152.342, we shall multiply BP by the 1.06399 of AC, and (if the last five decimal 
places are ignored) AC will be 162.090 at this distance. 

By means of Napier’s invention, this whole operation is finished most ex- 
peditiously in a single addition. For the logarithm of the sine of arc KD is added 
to the logarithms of 9.265 the eccentricity and of 152.343 the mensuration pro- 
posed; and the sum produced as a logarithm will give a libration of 9.748 to be 
added to the distance 152.342. 

[683] So next, if are PW is greater than 90°, viz., 133°39’7”; DW its excess 
over and above 90° is 43°39’7”; and its sine or logarithm, together with the two 
aforesaid beginnings, will give a libration of 9.777 to be subtracted from 152.342, 
as in the semicircle below the diacentre: hence the corresponding interval AS 
will be 142.565. 

The same thing will hold, if the arc of the eccentric is 226°20'53”. For its com- 
plement with respect to 270° will be 48°39’7”—as great in the ascending semi- 
circle as was DW in the descending semicircle. 


Review the principal moments in the libration. 

1. When the planet begins to move away from the apsis, then simultaneously 
the libration commences--that is, the planet, which had just before finished its 
ascent away from the sun, begins to descend towards the sun. 

2. When the planet is 60° away from the apsis, then the libration is equal to 
half the eccentricity. 
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3. When the planet has traversed 90° of the orbit from the apsis, then half 
of the libration has been completed, so that the planet is at a distance from the 
sun of a semidiameter of the eccentric. For example, if PD is 90°, then AH 
equals BD. 

4. When the planet has traversed 120° from the apsis, three quarters of the 
libration have been completed. 

5. When the planet is at the lowest apsis, then it is nearest to the sun and 
has completed the total libration. The order through the ascending semicircle 
is the reverse. 

6. If the planet has traversed equal arcs on the eccentric, on one occasion 
from the aphelion, on the other occasion from the perihelion, then the sum of 
those two distances from the sun is equal to the diameter. For example, if a 
straight line is drawn from B to Q, then the sum of CA and AQ is equal to RP. 


3. CONCERNING THE DELAY OF THE PLANET IN ANY ARC 


What does the word ‘“‘anomaly”’ mean? 


Although, properly speaking, anomaly—irregularity—is an affect of the 
movement of the planet, nevertheless astronomers employ this [684] word for 
the very movement in which the irregularity is present. And since the following 
three measurable things come together in the movement: the space to be tra- 
versed, the temporal delay in the space, and the apparent magnitude of the 
space; the word ‘‘anomaly”’ is to be applied to all three. And again, with 
reference to time, the use of the word is twofold. For, primo, Ptolemy employs 
it for the total time which the planet spends while its total irregularity returns 
to its starting point, and he counts as many anomalies as there are periodic re- 
turns such as these. 

Secundo, parts of this total time are commonly called anomalies, according 
as Ptolemy said a movement was a complete part of the full anomaly. 


Then how many anomalies are there as parts of a whole? 


Three anomalies are denominated in any position of the planet whatsoever: 
(1) mean anomaly; (2) anomaly of the eccentric; and (3) the corrected anomaly. 


What is the mean anomaly? 


It is the interval of time which the planet spends in any arc of its orbit—be- 
ginning at the apsis: this interval is reduced to degrees and minutes, whereof the 
total anomaly is equivalent to 360° by mathematical or astronomical enumera- 
tion. , 


Why 1s it called mean? 


Not from being, as it were, a mean proportional between its related ano- 
malies, as will be remarked a little later; but it is called mean in imitation 
of the ancient astronomy which usually speaks of the mean anomaly instead 
of the mean—.e., uniform—movement of anomaly, because the time thus 
reduced to mathematical terms indicates, by means of the number of degrees 
and minutes, how great an arc of its circle the planet would have been going 
to traverse, if during that whole time which we call the mean anomaly it had 
moved in a uniform movement which was a mean between the slowest and the 
fastest movement. 
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How should the mean anomaly be determined or measured in these diagrams, 
according to the ancient astronomy? 


If the distance BL equal to the eccentricity AB is marked off in the line of 
apsides BP, as was said in Part 1 of Book v; the mean anomaly, according to 
the ancient astronomy, would be the arc of the equant circle described around 
L—the are which progresses eastwards and is intercepted by two lines drawn 
from L, the one through apsis P and the other through the planetary body C. 
Or it would be the angle between those lines at L, or the difference between 
that angle and 360°. For example, in this case if C were the planet, then angle 
PLC could be used instead of the mean anomaly approximately. 


Define the line of mean movement and the mean position of the planet, according 
to this ancient hypothesis of the equant. 


It would be the line drawn from the centre of the sun to the sphere of the 
fixed stars parallel to the line which has been drawn from the centre of the 
equant, or from the other focus of the ellipse, through the planetary body. 
And either one of these lines in the sphere of the fixed stars would indicate the 
mean position of the planet. In the diagram, if C were the planet and AM 
were parallel to LC, then AM would be the line of its mean movement. 


If therefore in this new formulation of astronomy, no equant circle is expressed, 
then in terms of what other magnitude will the mean anomaly be computed or 
measured? 


In terms of the area comprehended between the arc of the circle which 
designates and determines the proposed arc of the orbit and between the 
two straight lines which connect the extremities of the arc with the centre 
of the sun. For example, if the proposed position of the planet is C, then if a 
line be drawn from C perpendicular to PR which will cut circle PD in K, 
and if PA and KA are joined, area PKA is the measure of the mean anomaly, 
whereof the area of the whole circle is equivalent to 360°. 


[686] Tell how to compute the mean anomaly or the amount of tume which the 
planet spends in the proposed arc. 


Again, let eccentricity AB be 9.265, whereof the semidiameter BP is 100.000. 
First of all, we must take the area of the greatest triangle which has a right 
angle at B and an altitude BD. The multiplication of this area by half AB 
will give a product of 4632.50000. The value of this area DAB is to be expressed 
by the number of seconds, whereof the total area of the circle PDT is 360° 
or 21,600’ or 1,296,000”. Therefore, since if BP is 100.000, the area of the 
circle by calculation is 314,159.26536, area DAB is 19,110”. 

Now let are PC be given by are PK which designates it; and let it be 46° 
18’51”. Therefore the sine of PK, namely KL the altitude of triangle BKA, 
multiplied by the value of the greatest triangle—and the last five decimals 
cut off from the product—will give triangle AKB a value of 3819”, which is 
3°50’19”. But sector KBP is equal in value to the number of degrees which 
have been given in are PK, namely 46°18’51”. Therefore by the addition of 
the areas, PKA is 50°9’10,” and the mean anomaly is of that magnitude. 

In this way, the area of the additosubtractive triangle (trianguli aequatori2) 
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is to be added, as long as the sector or arc is smaller than a semicircle; but if 
the are is greater than a semicircle, the area is to be subtracted. 


State the rule for the relation beiween these triangles. 


Any two triangles equally distant from the vertices, the one from the highest 
apsis, and the other from the lowest apsis, are of equal magnitude. For ex- 
ample, if ares PK and RW are equal, areas BAKA and BWA will also be equal. 


What is the anomaly of the eccentric? 


It is the arc of the eccentric circle measured eastwards and intercepted 
between the line of apsides and the perpendicular drawn to that line through 
the planetary or through any proposed [687] point on the orbit. For example, 
with C as the proposed point on the orbit or with the planet revolving at that 
point, if through C perpendicular to PAR line KCL is drawn cutting the 
circle in K, are PK will be the anomaly of the eccentric. 


In what sense ts anomaly of the eccentric used? 


Here too the phrase ‘“‘of movement” is understood [between ‘anomaly’ 
and “of the eccentric”’]. For although, according to the figure, in are PK of 
the circle no irregularity or anomaly is apparent: nevertheless the movement 
of the planet in orbit PC is truly anomalous or irregular in three respects: 
first, by reason of its elliptic figure which bends with unequal curvature ac- 
cording to the ditference of its parts and is unequally distant from the centre 
of the figure; second, by reason of its speed, which is not the same in all parts 
of its orbit; thirdly, by reason of its apparent movement as seen from the sun, 
because equal parts of the orbit subtend unequal angles at the sun. Therefore 
since the arc PA concurs in all those determinations, as has been said: where- 
fore with the same right wherewith the ancient astronomy introduced the 
equant circle and by means of that computed the mean anomaly, we our- 
selves circumscribe an eccentric circle PK around the real orbit PC and by 
means of that compute the anomaly of the eccentric, employing something 
uniform in measuring that which is not uniform. 

And indeed in the ancient astronomy the equant circle seduced the physicists 
into imagining that either the circle or at any rate the movement was real: but 
here no one can be seduced, since it is apparent to the eyes that PC the true 
orbit of the planet coincides with this artificial circle PK only in the two points 
P and R, the apsides, and throughout the remaining tract it betakes itself, 
within the embrace of the eccentric, towards the centre of the figure. 


What ts the corrected anomaly? 


It is the arc of the great circle in the plane of the ecliptic which is marked out 
by the continuation of the plane of the planetary orbit: this arc is measured 
eastwards from the position of the apsis to the very position of the planet or the 
apparent position of any other point on the orbit. Or—which amounts to the 
same thing—it is the angle which any arc of the true planetary orbit subtends 
or which is formed by the two aforesaid lines at the centre of the sun, or the 
difference between that angle and 360°. 

For example, if the planet is in C, the corrected anomaly is angle PAC. And 
if the planet is at Q, then the corrected anomaly is made up of the two right 
angles PAM and MAR and also angle RAQ. But if with centre A a circle of any 
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magnitude whatsoever be described, and thus even a circle in the sphere of the 
fixed stars, the arc of this circle measured eastwards from AP as far as AC or 
continued to AG will also be called the corrected anomaly. 


Why is tt called ‘‘corrected’”’ [coaequata]? 


Practitioners used to call it the corrected movement of anomaly or simply the 
corrected anomaly, not as if the irregular movement assumed had been cor- 
rected in such a way as to become a regular [aequalis] movement, but with a 
plainly contrary meaning: Now since in the beginning a time or portion of the 
periodic time is laid down, and since this time, as reduced to astronomical terms, 
indicates how great an arc of its circle the planet would have been going to tra- 
verse within this interval of time, if it had been moving with a uniform move- 
ment: so it is the office of the astronomer to show how much of the really ir- 
regular apparent movement of the planet corresponds to this time and this 
fictitious uniform movement. Therefore “corrected movement” means the same 
thing as movement to which an additosubtraction has been applied and which 
has been converted to an apparent movement, namely by putting on the irregu- 
larity which the appearances introduce into it: on account of this irregularity the 
total period is called the anomaly. 


Therefore since you have distinguished these three anomalies and formulated them 
by means of a fictitious eccentric circle circumscribed around the orbit: I ask whether 
the true orbit of the planet could not be put to the same use. 


Although there is no need, nevertheless that is possible on account of their 
equipollence. For, as has been said in Book v, Part 1, the area PCA measures the 
time and hence the mean anomaly; and anyone who wishes to can understand 
the anomaly of the eccentric circle also by arc PC. But angle PAC has even 
before this been called the corrected anomaly. 


How are these three related anomalies distinguished in magnitude? 


The number of degrees and minutes of the anomaly of the eccentric is always 
a mean between the others. But before a semicircle has been completed, the so- 
called mean anomaly is always the greatest of the three, and the corrected, the 
least; but after the semicircle, the so-called mean is the least in magnitude and 
the corrected the greatest. 


4. CONCERNING THE ANGLE AT THE SUN 
Tell how to compute the corrected anomaly or the angle at the sun. 


There are various modes; but the most compendious is the one which [690] 
employs the interval between the planet and the sun. For we need that for other 
uses too. 

Now there are three cases of this mode. For either the planet is above the 
diacentre, or below the dihelion, or between the diacentre and the dihelion. 

1. Therefore first let the planet be above the diacentre DBT, viz., in C; and 
let PK the anomaly of the eccentric be 47°42’20”, and let LB the sine of its com- 
plement KD be 67.277, so that the libration of the planet will be 6.233. By the 
addition of 6.233 to BP let AC the interval between the planet and the sun be 
exactly 106.233 in terms whereof BP is 100.000. Accordingly let this same LB 
the sine of the complement be added to the 9.265 of eccentricity BA, in such 
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fashion that LA the other side 
of right triangle CAL is 76.542. 
Accordingly if LA is divided 
by CA and five ciphers are 
added, the quotient of 72.051 
as a sine shows the arc to be 
46°5’48”, which is equal to 
angle LCA, whereof the com- 
plement, which is 438°54’/12”, is 
the required angle LAC or 
PAC. 

If you subtract the loga- 
rithm of half the divisor from 
the logarithm of half the divi- 
dend, the logarithm of the 
same sine or arc remains. 

2. Secondly, let the planet 
be below the dihelion MAN, 
viz., in S; and let PW be the 
anomaly of the eccentric and DW its excess over and above 90°. Accordingly 
in the same way as above, the libration found by means of BZ the sine of 
that arc is to be subtracted from the radius, so that the exact interval AS 
may be manifest. So too the eccentricity BA is now to be subtracted from sine 
BZ, so that AZ the other side of the right triangle remains. Then once more, if 
the number of side AZ—to which five ciphers have been added—is divided by 
side AS, the quotient will be the sine of angle ASZ, to which angle MAS is 
equal, which is the excess of the required angle PAS over and above angle PAM 
which is right or 90°. 

3. Thirdly, let the planet be between DBT and MAN. Accordingly let PX 
be the anomaly of the eccentric and DX its excess over and above 90°, and BY 
the sine whereby the subtractive libration is computed, since the sine lies below 
B. But since the sine is less than eccentricity BA, it is to be subtracted from this 
eccentricity, so that YA remains. Accordingly we must operate on YA and on 
the exact interval, as in the first case. 


[691] What do you call the eccentric position of the planet? 


That point in the zodiac on which there falls the straight line drawn from the 
centre of the sun through the planetary body. 


What is the ‘‘equalization”’ [aequatio] or “additosubtraction”’[prosthaphaeresis], 
and what is the reason for the name? 


It is the difference between the number of degrees and minutes of the mean 
anomaly and the degrees and minutes of the corrected anomaly. Or, according 
to the old astronomical formulation, it is the angle at the centre of the sun and 
its measure, the arc of the great circle in the sphere of the fixed stars intercepted 
between the lines of the mean and of the apparent movement of the planet. 
Now since in one semicircle this angle is to be subtracted [from the mean move- 
ment] and in the other semicircle it is to be added to the mean movement, so 
that the movement may be corrected: hence it has been called by the compound 
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name “‘additosubtraction” [rpocbagaipecis]. But it has been called the “equali- 
zation’’ because by its addition to, or subtraction from, the corrected anomaly, 
which divides unequal ares and times into equal portions, there comes to be 
the mean and uniform anomaly. 


By what epithet or title 1s the additosubtraction called? 


By two words or their index letters or syllables: A., add., additive; S., sub., 
subtractive. 


How many parts are there to the additosubtraction and what ts the measure of each? 


There are two parts, the one physical, and the other optical, to the aforesaid 
additosubtraction. For the physical part is due to the irregularity which really 
accedes to the planetary movement on account of physical causes. But the 
optical part is due to an irregularity which is merely apparent or as it were ap- 
parent, z.e., on account of the greater or less distance between the arc of the 
orbit and the sun. Both parts are somehow distinguished in the same triangle, 
which is hence called additosubtractive [aequatorium]. 

For if A and B the termini of the eccentricity are joined to [692] the planetary 
body C, the physical part of the additosubtraction finds its measure in area BAC 
—or by equipollence, in area BAK; while the optical part of the additosub- 
traction would be equal to angle BCA, if that were computed: angle BK A, 
which is easier to compute, is always slightly less than angle BCA. 


What use ts there for this additosubtraction? 


In this formulation of astronomy made new, there is no necessary or very 
great need of the total additosubtraction composed of both elements. For the 
anomalies are not determined through this additosubtraction; but on the con- > 
trary through the comparison of the corrected anomaly—which we first com- 
pute—with the mean anomaly, we elicit the additosubtraction, if at any time 
we wish to use it. 

But three distinct anomalies are laid down in the tables. For, first, the anom- 
aly of the eccentric is placed on the left, according to the order of the whole de- 
grees, from 1° to 180°; and that is done [693] because the anomaly of the eccen- 
tric being given becomes the starting-point for computing the others, and also 
the distance or interval between the planet and the sun. Secondly, there is 
found under the same head and as corresponding to this anomaly of the eccen- 
tric, the physical part of the additosubtraction or the value of the area of the 
additosubtractive triangle in degrees and minutes and seconds: and from this 
inclusion of the anomaly of the eccentric together with the physical part of the 
additosubtraction beneath the same head, we understand that the sum of the 
two constitutes the corresponding mean anomaly. Thirdly, to the right of this 
and in a separate column is placed the corrected anomaly corresponding to the 
arc. If anyone now wishes to learn the composite additosubtraction, let him 
subtract the corrected anomaly from the mean anomaly found next to it or 
from the sum of the anomaly of the eccentric and the physical part of the 
additosubtraction; and the remainder will be the required additosubtraction, 
which in the descending semicircle is called subtractive, and in the ascending, 
additive. 
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Nevertheless state how these parts of the additosubtraction are related, if they are 
compared with one another. 


The smaller the eccentricity, the nearer they approach to equality: in the 
upper semicircle however, above the diacentre, the optical part is slightly smaller 
than the physical part; but in the lower semicircle, below the diacentre, it is 
slightly greater. 

For example, in the accompanying diagram, let A be the sun and PAR the 
line of apsides, and DBT and 
MAN are at right angles to 
PAR; and DPT the upper semi- 
circle, or so to speak, and DRT 
the lower semicircle. In the up- 
per semicircle let the additosub- 
tractive triangles be BCA and 
BFA, and BSA and BQA in the 
lower. Therefore since the areas 
of the triangles are the measure 
of the physical part of the ad- 
ditosubtraction, while the angles 
at C, F, S, and Q are the meas- 
ure of the optical part: then 
surely the upper areas are 
greater parts, while the lower 
areas are lesser parts, of the area 
of 360° of the total circle than 
those angles of theirs are of four 
right angles or 360°. For the cen- 
tres C and S and CB and SB as the lengths of the semidiameters, let there be 
described the arc BL ending at CA and the are BH ending at SA continued: 
these arcs measure angles C and S. But areas CBL and SBH are equivalent to 
these same arcs. Therefore if these areas were the optical [694] parts of the ad- 
ditosubtractions, the two parts of one additosubtraction would be equal. But 
not CBL but the greater area CBA is the measure of the optical part; and thus, 
in the lower semicircle, not SBH but the smaller area SBA in the lower. There- 
fore in the upper semicircle the physical part exceeds, and the optical part in the 
lower. 


Where is the composite additosubtraction greatest? 


Of the parts, the prior one, the physical, is greatest at D and 7, the extremi- 
ties of the diacentre, because the altitude of no triangle can be greater than BD 
or BT, which is the semidiameter in the circle and even in the ellipse, the longest 
of the ordinates. The posterior part, the optical, would be greatest, if the orbit 
were circular, at Jf and N the extremities of the dihelion: for there the line 
drawn from centre B perpendicular to the straight line JA would be the 
longest, but that line is the sine of angle BMA the optical part, whereof BM is 
the sine of the total additosubtraction. For upon EA, a higher line, there falls 
from B a shorter perpendicular than BA. 

But because the orbit of the planet is elliptical, accordingly the optical part 
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of the additosubtraction is 
[695] greatest between M/Z and 
D, and thus between N and 7. 
For, first, angle BMA is great- 
er than angle ADB, because 
both are right triangles upon 
the same base, but altitude DB 
is greater than altitude MA, 
namely the shorter diameter is 
greater than any other ordi- oo ad 
nate whatsoever. Second, if 
points B and J are marked at 
the centres of arcs DM and TN 
or thereabouts, angles AEB 
and AJB will again be greater 
than AMB and ANB. For, of 
all the lines drawn from centre 
B to the orbit, BD is the short- 
est; and the farther away the 
other lines are, the longer they 
are. Therefore BM is perceptibly longer than BE. But the perpendicular 
from B to AM is not perceptibly longer than the one from BE to AE. There- 
fore the ratio of IB to BA is greater than the ratio of EB to its perpendicular. 
And so angle BEA is also greater than angle BMA. Therefore if BA is bisected 
at G, and the perpendicular HGI is drawn, the optical additosubtraction will 
be greatest around # and J. But the physical was greatest around D and T. 
Therefore the composite additosubtraction is greatest at the mean position 
between D and E and between T and I. 
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You have taught us how to compute the mean anomaly and the corrected anomaly 
from the assumption of anomaly of the eccentric: but practice more frequently 
requires us, given the mean anomaly, as from the time given, to find the others: 
teach this too. 


Here there is no direct way; but he who wishes to compute this without 
tables must apply the rule of suppositions, namely by supposing that the 
anomaly of the eccentric—PK, in the accompanying diagram—is of this or 
of that magnitude, and upon that assumption, compute his mean anomaly 
PKA. For if PKA turns out to be as great as it was given to be, then the sup- 
position as to PK the anomaly of the eccentric will be right. But if it does 
not turn out as great, then the supposition is to be corrected in view of the 
result, and the work done over again. 


Could you by way of example teach a convenient method, lest through unfamiliarity 
one err too much in mistaken suppositions? 

Then let the foregoing example be used again, and let the said mean anomaly 
(696] or area PKA be 50°9’10”. It is manifest that, if the area of triangle KBA 
were known, the remaining area KBP would have the same number of de- 
grees as its are PK; and hence, if the value of KBA is subtracted from PKA, 
the remainder will be PK the anomaly of the eccentric. Therefore since PKA 
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is greater than PKB, the sine of arc PX will be smaller than the sine of 50° 
9/10”, and therefore smaller than 76.775. In our first supposition, let this sine 
be 70.000 for the sake of ease in multiplication. 

Accordingly if this sine is multiplied by the value of triangle DBA—which 
was 11,910” in the preceding example—and the last five decimal places are 
cut off, the product BKA will be 8,337” or 2°18’57”. Add these 2°18’57” to the 
are of sine 70.000, which is 44°25’. The area PKA will be 46°44’. This is too 
small, for it is deficient in 3°25’, since it ought to be 50°9’, the quantity given. 

Accordingly, in the second supposition, let a greater sine be supposed, by 
the addition of the deficiency of 3°25’ to the 44°25’ of the arc previously sup- 
posed, so that PC will be about 47°50’; its sine is approximately 74.000, which 
I choose for the sake of ease in calculation again. The multiplication of 74.000 
by 11,910” makes PKA to be 7'56” greater, namely 2°26'53”. Add this to the 
PK of the second supposition, namely to the 47°44’6” of PKB. Arc PKA will 
be 50°10’59”; and there will be an excess of 1’49” over the required 50°9’10”. 

And so we understand that this very small excess is to be subtracted from 
the third supposition of PK, and the remainder will be the required anomaly 
of the eccentric or PK will be equal to 47°42’17”. It is possible to prove this. 
For the sine of this are is 73.969, and the multiplication of that by 11,910” 
gives 2°26’50” for KBA. And the addition of that to 47°42’17” gives 50°9’7”, 
which is imperceptibly different from the requisite 50°9’10”. 


5. On THE DIGRESSION OF THE PLANETS AWAY FROM THE ECLIPTIC 


What is understood by the name “‘orbit’’? 

Properly speaking, it is that line which the planet describes around the sun 
by means of the centre of 
its body. For example, in 
the diagram, if ECGD isa 
part of the plane of the 
ecliptic, HCFD will be the 
orbit. 

But in asecondary sense, 
it is understood to be the 
[697] great circle wherein 
the plane of the orbit con- 
tinued cuts the sphere of 
the fixed stars. For exam- 
ple, here it is section ZN 
which has been made by 
plane CAK continued. 


What do you call the ‘‘in- 
clination of the planet’’ or 
“‘of any point in tts orbit,”’ 
and what is the ‘‘circle of 
anclination’’? 


Properly speaking, plan- 
ets or points do not have an inclination, but lines or planes do. But because 
those planes are circumscribed around the orbits of the planets, and because 


1000 KEPLER 


the lines of movement of the planets are understood as having been described 
in those planes: in common usage these words. have been transferred to the 
planets themselves, for the sake of brevity in speaking. 

Therefore since that which below, in Book vi, will be called latitude, par- 
ticipates in that adventitious or optical irregularity—which is the second thing 
we will investigate—wherefore, in order that things which are distinct may 
also be distinguished by their names, let the real digression of the planet 
from the ecliptic be called, not latitude, but inclination. Now it is defined as 
being the are of the great circle, in the sphere of the fixed stars, described 
around the sun, [698] perpendicular to the ecliptic and called the circle of in- 
clination, which are is intercepted between the ecliptic and the eccentric 
position of the planet. Or, it is the angle at the sun which this are measures. 

In the diagram, if A is the sun, FADHC the orbit, and MLO the ecliptic, 
the inclination of point K will be angle KAJ or NAL or its are NL described 
around the sun A. 


What do you call ‘‘nodes,’”’ and what, ‘‘limits’’? 


The nodes are the two points on the ecliptic wherein it is cut by the plane of 
the orbit continued. In Greek, cuvééopor, because in them different routes, the 
apparent route of the sun and that of the planet, are knotted together. The one is 
‘“‘the ascending node,” where the planet leaves the southern hemisphere and 
turns northward; the other “‘the descending node,”’ which transfers the planet 
to the south—the words “ascending” and ‘“‘descending” having been accom- 
modated to our hemisphere, as that in which the first founders of astronomy 
lived. For example, if the plane of the orbit and the plane of the ecliptic coincide 
in line CAD, which, on being prolonged into the sphere of the fixed stars, desig- 
nates the ecliptic section, Z and O will designate the nodes. 

[699] But the points on the ecliptic which are 90° distant from the nodes are 
called the limits: the northern limit, wherefrom the planet is distant to the north, 
and the southern limit, wherefrom it is distant to the south. They are called 
limits, wherefrom it is distant to the south. They are called limits because the 
planet arriving at those points does not digress farther in any direction but from 
that place turns around and begins to return to the ecliptic. For example, in the 
diagram points # and G on the ecliptic are called the limits. But also points H 
and F on the real orbit and the corresponding points in the sphere of the fixed 
stars, are called by the same name, and more frequently too. 


What do you call “the argument of the inclination’’? 


It is the arc of the planetary orbit in the sphere of the fixed stars intercepted 
between the ascending node and the eccentric position of the planet and meas- 
ured eastwards. For example, if O is the ascending node, N the eccentric position 
of the planet, OMWN will be the argument of inclination LN. Copernicus uses 
the northern limit instead of the ascending node. 


The greatest inclination of the limit for any given planet ts not the same through- 
out all the ages, as 1t? 


According to the physical principles employed in Book 1v, of itself it is un- 
changeable. But on account of the dislocation of the ecliptic—concerning which 
I shall speak in Book vii—it can change per accidens. 
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How is the inclination of the planet computed? 


No differently from the way in which the declination of a point on the ecliptic 
was computed in Book 111. If the sine of the greatest inclination is multipled by 
the sine of the argument of the inclination, and the last five decimal places are 
cut off from the product, the sine of the inclination will be given. See the method 
followed on folium 245 et segq. If instead of the sines of the arcs you employ their 
logarithms, the multiplication will be converted to simple addition. 


What ts the eccentric position of the planet on the ecliptic? 


That point on the ecliptic wherein it is cut by the circle of inclination drawn 
through the eccentric position [700] in the simple sense. For example, if the ec- 
centric position—in the simple sense—of the planet at AK is N and NL is the 
circle of inclination, and angles NLM and NLO are right, L will be the eccentric 
position of the planet on the ecliptic. It is not called the ecliptic position simply, 
because it also involves the second irregularity, the matter of Book v1; but the 
word ‘‘eccentric” is added in order for us to understand that it is a question of 
that position which is determined on the ecliptic by the eccentric alone, without 
the introduction of the great sphere, whereof I shall speak in Book v1. 


What is the eccentric longitude of the planet held to be? 


The arc of the ecliptic measured eastwards from the beginning of the Ram to 
the circle of inclination of the planet or its eccentric position on the ecliptic. It 
is called the eccentric longitude, not because it is measured on the eccentric but 
because the eccentric causes it. 


Whai is meant by “‘the reduction to the ecliptic’? 


The small arc which is equal to the difference between the argument of the 
inclination and the eccentric longitude—that is, the difference between the two 
arcs, one on the orbit and the other on the ecliptic, beginning at the common 
node and ending at the circle of inclination. For example, in this case it is the 
difference between MN and ML. 


How is wt computed? 


Not otherwise than on page 255, Book 111, the difference between the right 
ascension and the corresponding arc on the ecliptic is computed. For if the sine 
of the complement of the greatest inclination is multipled by the tangent of the 
argument of the inclination, and the last five decimal places are cut away from 
the product, the tangent of the argument of the reduction will be given. 

Or else: the antilogarithm of the greatest inclination is added to the mes- 
ologarithm of the argument, and thus the sum will be the mesologarithm of the 
argument of the reduction. 

A compendious and more useful method, even for the ascension, is as follows. 
The greatest reduction around 45° from the node, if multiplied by the sine of 
twice any arc, and the last five decimals cut off, constitute the required reduc- 
tion for the arc taken simply. 


[701] How ts this reduction to be employed, and in relation to what? 
When the planet is progressing from the nodes to the limits, the reduction is 
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to be subtracted from the argument of the inclination; it is to be added, when 
the planet is progressing from the limits to the nodes; then the result, if added 
to the ascending node, constitutes the eccentric longitude of the position of the 
planet. 


What do you call “the foreshortening’’? 


It is the particle of the distance of the planet from the centre of the sun which 
corresponds to the sagitta of the inclination of the planet in the same ratio in 
which the total interval corresponds to the total sine. 

Let A be the sun, and P and Q the poles of the ecliptic. Let TAX represent 
the plane of the ecliptic and HAG the plane of 
the orbit. Let the planet now be at £ or G and 
with A as centre and intervals AZ, AG let the 
arcs EH and GF be drawn; and from F£ and G 
let the perpendiculars ER and G'S be dropped 
upon TX. HR and SF will be the foreshorten- 
ings. 


What ts the foreshortened distance? 


It is the straight line in the plane of the eclip- 
tic between the centre of the sun and the per- 
pendicular from the centre of the planetary 
body. In the diagram, if the planet is at E or G, 
then AR or AS is the foreshortened distance. 


How is the foreshortened distance computed? 

The assumed distance, expressed in the numbers of the measurement 
proper to each planet, is multipled by the sine of the complement of the in- 
clination of the assumed distance, and the last five decimal places are re- 
moved from the product. Or, the logarithm [702] of the distance is added to the 
antilogarithms of the proper inclination, and the sum is the logarithm which 
is the index of the foreshortened distance. 


Where is the distance foreshortened the most? 

Around the limits, and more around the limit which is nearer the aphelion. 
For example, if V and Y are the limits, and thus Z and W are the poles of the 
orbit, and V is nearer the aphelion than Y, then HR will be longer than FS and 
will be the longest of all. 


6. On THE MoveMeENT oF THE ApsIDEs AND Nopss 
How do you define the movement of the apsis among the primary planets? 


It is the arc of the orbit in the sphere of the fixed stars intercepted between 
that point on the orbit which is at the same distance from the moving node as 
a fixed point on the ecliptic—viz., the beginning of the Ram, or even the first 
star of the Ram—and the position of the highest apsis, and measured eastwards. 


What kind of movement is this movement of the apsides? 


It is set down as being uniform, (1) on account of its unbelievable slowness 
whereby the astronomers are impeded to such an extent that they cannot pre- 
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cisely investigate this movement in its single parts; (2) because we have an 
instance of regularity in one planet, where the period of the apsis of this physical 
movement, which we touched upon in Book Iv, page 945, as resting upon mere 
conjectures, cannot be prejudicial to this regularity at all, although in virtue of 
them it seems that this movement can be made irregular. But more about this 
in Book vi, in connection with the single planets. 


What is to be understood by the movement of the nodes in the primary planets, or 
what is the longitude of the node? 


The movement of the node is the are on the ecliptic measured westwards [703] 
from a fixed point on it—namely, either from the beginning of the Ram or from 
the position of the first star of the Ram—to the position of the ascending node. 
But if the measurement is made eastwards, then this arc too can be called the 
longitude of the node. 


What kind of movement ts this movement of the nodes? 


Although it is reasonable that even the movement of this point is uniform 
of itself, nevertheless it seems that some irregularity is present in it per accidens, 
on account of the dislocation of the ecliptic, with which Book vi is concerned. 


What figures do the movement of the nodes and limits describe? 


The nodes proceed along the great circle of the ecliptic, while the limits of the 
orbit, in so far as their inclination is assumed to remain unchangeable, proceed 
in circles parallel to the ecliptic or to that circle with reference to which their 
inclination is unchangeable. 

In order to aid the understanding, their movements can be represented by a 
not absurd picture [of the movements] of the 
poles, provided we remember that, physically 
speaking, there is no need of the poles. For 
example, in the accompanying diagram, let 
the orbit be VY—by the continuation of the 
plane to the sphere of the fixed stars—and let 
its poles Z and W move in small circles around 
P and Q the poles of the ecliptic TX. There- 
fore in what direction away from P pole Z 
moves at any time, the limit V moves in this 
same direction away from point 7 on the eclip- 
tic, and so does the limit Y away from point X 
on the ecliptic; and the circuit of Z in the 
small circle, which is parallel to TX in the 
same direction is followed by the limit V in 
northern parallel which is as much greater [than the small circle] as it is nearer 
to TX; and similarly Y, in the southern parallel. For the following six points 
will always be found in the great circle of inclination: Z and W the poles of the 
orbit, P and Q the poles of the ecliptic, and V and Y the limits of the orbit. 

Accordingly, up to now we have been concerned with the definitions of the 
terms having to do with the planetary orbit and the eccentric circle circum- 
scribed around it. Since they are common to all the five planets, they have been 
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put ahead in Book v. However, we shall teach their employment, with respect 
to the single planets, in Book v1, which follows!. 


THE END OF BOOK FIVE, THE SECOND BOOK ON THE DOCTRINE OF 
THE SCHEMATA OR OF CELESTIAL PHYSICS 


1For the information of the reader, the translator here appends a table of contents of the part 
of the work which has been left untranslated. 
Book vi. The third book concerning the Apparent Movements of the Planets or the 
Doctrine of the Schemata 
Part 1. Concerning the schema for the solar movement 
Part 11. Concerning the three upper planets, Saturn, Jupiter, and Mars, and certain 
things which they have in common with the two lower planets 
i. Concerning eccentric movements 
ii. Concerning progression, station, and retrogradation 
iii. Concerning the increases in magnitude of the planets 
iv. Concerning latitude 
Part 111. Concerning the two lower primary planets, Venus and Mercury 
Part rv. Concerning the moon 
i. Concerning the resolution of the irregularity of the moon 
ii. Concerning the monthly irregularity 
iii. Concerning the inequality in time 
iv. Concerning the third irregularity in the movement of the moon in longitude, or 
concerning the variation 
v. Concerning the monthly latitude of the moon 
Part v. Concerning the affects common to all or most of the planets 
i. Concerning the positions of the planets in relation to sunrise and sunset 
ii. Concerning the illumination of the moon 
iii. Concerning the apparitions and occultations of the planets on account of the sun 
iv. Concerning the figures formed by the planets in relation to one another 
v. Concerning the calendar lunar years 
vi. Concerning the great and the greatest conjunctions 
vii. Concerning eclipses of the luminaries, and first, of the moon 
vili. Concerning the eclipse of the sun 
ix. Concerning the harmonic proportions in the movements 
Boox vit. Which Deals with the Doctrine on the Sphere and the Doctrine on the Sche- 
mata in conjunction 
Concerning the movement of the ninth or eighth sphere, the difference in length 
between the sidereal and tropical year, the precession of the equinoxes, the change in 
the obliquity of the ecliptic, and related questions. 
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Concerning the very perfect harmony of the celestial movements, and the genesis of 
eccentricities and the semidiameters, and the periodic times from the same. 


After the model of the most correct astronomical doctrine of today, and the 
hypothesis not only of Copernicus but also of Tycho Brahe, whereof either hy- 
potheses are today publicly accepted as most true, and the Ptolemaic as out- 
moded. 


I commence a sacred discourse, a most true hymn to God the Founder, and I judge 
ut to be piety, not to sacrifice many hecatombs of bulls to Him and to burn incense of 
innumerable perfumes and cassia, but first to learn myself, and afterwards to teach 
others too, how great He 1s in wisdom, how great in power, and of what sort in 
goodness. For to wish to adorn in every way possible the things that should receive 
adornment and to envy no thing tts goods—this I put down as the sign of the greatest 
goodness, and in this respect I praise Him as good that in the heights of His wisdom 
He finds everything whereby each thing may be adorned to the utmost and that He 
can do by his unconquerable power all that he has decreed. 
GALEN, on the Use of Parts. Boox 11 


PROEM 


[268] As regards that which I prophesied two and twenty years ago (espe- 
cially that the five regular solids are found between the celestial spheres), as 
regards that of which I was firmly persuaded in my own mind before I had seen 
Ptolemy’s Harmonies, as regards that which I promised my friends in the title 
of this fifth book before I was sure of the thing itself, that which, sixteen years 
ago, in a published statement, I insisted must be investigated, for the sake of 
which I spent the best part of my life in astronomical speculations, visited 
Tycho Brahe, [269] and took up residence at Prague: finally, as God the Best 
and Greatest, Who had inspired my mind and aroused my great desire, pro- 
longed my life and strength of mind and furnished the other means through the 
liberality of the two Emperors and the nobles of this province of Austria-on-the- 
Anisana: after I had discharged my astronomical duties as much as sufficed, 
finally, I say, I brought it to light and found it to be truer than I had even hoped, 
and I discovered among the celestial movements the full nature of harmony, in 
its due measure, together with all its parts unfolded in Book 11—not in that 
mode wherein I had conceived it in my mind (this is not last in my joy) but ina 
very different mode which is also very excellent and very perfect. There took 
place in this intervening time, wherein the very laborious reconstruction of the 
movements held me in suspense, an extraordinary augmentation of my desire 
and incentive for the job, a reading of the Harmonies of Ptolemy, which had 


1008" - 


1010 KEPLER 


been sent to me in manuscript by John George Herward, Chancellor of Bavaria, 
a very distinguished man and of a nature to advance philosophy and every type 
of learning. There, beyond my expectations and with the greatest wonder, I 
found approximately the whole third book given over to the same consideration 
of celestial harmony, fifteen hundred years ago. But indeed astronomy was far 
from being of age as yet; and Ptolemy, in an unfortunate attempt, could make 
others subject to despair, as being one who, like Scipio in Cicero, seemed to have 
recited a pleasant Pythagorean dream rather than to have aided philosophy. 
But both the crudeness of the ancient philosophy and this exact agreement in 
our meditations, down to the last hair, over an interval of fifteen centuries, 
greatly strengthened me in getting on with the job. For what need is there of 
many men? The very nature of things, in order to reveal herself to mankind, 
was at work in the different interpreters of different ages, and was the finger of 
God—to use the Hebrew expression; and here, in the minds of two men, who 
had wholly given themselves up to the contemplation of nature, there was the 
same conception as to the configuration of the world, although neither had been 
the other’s guide in taking this route. But now since the first light eight months 
ago, since broad day three months ago, and since the sun of my wonderful specu- 
lation has shone fully a very few days ago: nothing holds me back. I am free to 
give myself up to the sacred madness, I am free to taunt mortals with the frank 
confession that I am stealing the golden vessels of the Egyptians, in order to 
build of them a temple for my God, far from the territory of Egypt. If you 
pardon me, I shall rejoice; if you are enraged, I shall bear up. The die is cast, 
and I am writing the book—whether to be read by my contemporaries or by 
posterity matters not. Let it await its reader for a hundred years, if God Him- 
self has been ready for His contemplator for six thousand years. 


The chapters of this book are as follows: 

1. Concerning the five regular solid figures. 

2. On the kinship between them and the harmonic ratios. 

3. Summary of astronomical doctrine necessary for speculation into the 
celestial harmonies. 

4, In what things pertaining to the planetary movements the simple con- 
sonances have been expressed and that all those consonances which 
are present in song are found in the heavens. 

5. That the clefs of the musical scale, or pitches of the system, and the 
genera of consonances, the major and the minor, are expressed in cer- 
tain movements. 

6. That the single musical Tones or Modes are somehow expressed by the 
single planets. 

7. That the counterpoints or universal harmonies of all the planets can 
exist and be different from one another. 

8. That four kinds of voice are expressed in the planets: soprano, con- 
tralto, tenor, and bass. 

{270] 9. Demonstration that in order to secure this harmonic arrangement, 
those very planetary eccentricities which any planet has as its own, 
and no others, had to be set up. 

10. Epilogue concerning the sun, by way of very fertile conjectures. 
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Before taking up these questions, it is my wish to impress upon my readérs 
the very exhortation of Timaeus, a pagan philosopher, who was going to speak 
on the same things: it should be learned by Christians with the greatest ad- 
miration, and shame too, if they do not imitate him: ’AN\’ & Lakpares, rodro ye 
69 mvtes, doo. Kal Kata Bpaxd cwipoovvys peréxovowy, Eri Tacn dpuf Kal ouixpod 
Kal peyadou modypatos Jedv de mrov Kadovou. nuas dé To’s repi Tov madvros Noyous 
qovetobar my weANOVTAS..., EL MN TAVTATACGL TapAhNaTTOMEV, aVaYKy Oeovs TE Kat Deas 
émuxaAoupevous evxecIa wavTa, KATA voby ExEtvors WEY UAALOTA, EOouEVWs O€ HutY El7reEty. 
For truly, Socrates, since all who have the least particle of intelligence always invoke 
God whenever they enter upon any business, whether light or arduous; so too, unless 
we have clearly strayed away from all sound reason, we who intend to have a dis« 
cussion concerning the universe must of necessity make our sacred wishes and pray 
to the Gods and Goddesses with one mind that we may say such things as will please 
and be acceptable to them in especial and, secondly, to you too. 


1. CONCERNING THE FIVE REGULAR SOLID FIGURES 


[271] It has been said in the second book how the regular plane figures are 
fitted together to form solids; there we spoke of the five regular solids, among 
others, on account of the plane figures. Nevertheless their number, five, was 
there demonstrated; and it was added why they were designated by the Pla- 
tonists as the figures of the world, and to what element any solid was compared 
on account of what property. But now, in the anteroom of this book, I must 
speak again concerning these figures, on their own account, not on account of 
the planes, as much as suffices for the celestial harmonies; the reader will find 
the rest in the Epitome of Astronomy, Volume 11, Book Iv. 

Accordingly, from the A/ysterium Cosmographicum, let me here briefly incul- 
cate the order of the five solids in the world, whereof three are primary and two 
secondary. For the cube (1) is the outmost and the most spacious, because first- 
born and having the nature [ratzonem] of a whole, in the very form of its genera- 
tion. There follows the tetrahedron (2), as if made a part, by cutting up the cube; 
nevertheless it is primary too, with a solid trilinear angle, like the cube. Within 
the tetrahedron is the dodecahedron (3), the last of primary figures, namely, like 
a solid composed of parts of a cube and similar parts of a tetrahedron, 7.e., of 
irregular tetrahedrons, wherewith the cube inside is roofed over. Next in order 
is the icosahedron (4) on account of its similarity, the last of the secondary 
figures and having a plurilinear solid angle. The octahedron (5) is inmost, which 
is similar to the cube and the first of the secondary figures and to which as in- 
scriptile the first place is due, just as the first outside place is due to the cube as 
circumscriptile. 

[272] However, there are as it were two noteworthy weddings of these figures, 
made from different. classes: the males, the cube and the dodecahedron, among 
the primary; the females, the octahedron and the icosahedron, among the 
secondary, to which is added one as it were bachelor or hermaphrodite, the 
tetrahedron, because it is inscribed in itself, just as those female solids are in- 
scribed in the males and are as it were subject to them, and have the signs of the 
feminine sex, opposite the masculine, namely, angles opposite planes. Moreover, 
just as the tetrahedron is the element, bowels, and as it were rib of the male 
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cube, so the feminine octahedron is the element and part of the tetrahedron in 
another way; and thus the tetrahedron mediates in this marriage. 

The main difference in these wedlocks or family relationships consists in the 
following: the ratio of the cube is rational. For the tetrahedron is one third of 
the body of the cube, and the octahedron half of the tetrahedron, one sixth of 
the cube; while the ratio of the dodecahedron’s wedding is zrrational [ineffabilis] 
but divine. 

The union of these two words commands the reader to be careful as to their 
significance. For the word ineffabilis here 
does not of itself denote any nobility, as else- 
where in theology and divine things, but de- 
notes an inferior condition. For in geometry, 
as was said in the first book, there are many 
irrationals, which do not on that account 
participate in a divine proportion too. But 
you must look in the first book for what the 
divine ratio, or rather the divine section, is. 
For in other proportions there are four terms 
present; and three, in a continued propor- 
tion; but the divine requires a single relation 
of terms outside of that of the proportion it- 
self, namely in such fashion that the two 
lesser terms, aS parts make up the greater 
term, as a whole. Therefore, as much as is 
taken away from this wedding of the dodecahedron on account of its employing 
an irrational proportion, is added to it conversely, because its irrationality ap- 
proaches the divine. This wedding also comprehends the solid star too, the gen- 
eration whereof arises from the continuation of five planes of the dodecahedron 
till they all meet in a single point. See its generation in Book 11. 

Lastly, we must note the ratio of the spheres circumscribed around them to 
those inscribed in them: in the case of the tetrahedron it is rational, 100,000 : 
33,333 or 3 : 1; in the wedding of the cube it is irrational, but the radius of the 
inscribed sphere is rational in square, and is itself the square root of one third 
the square on the radius [of the circumscribed sphere], namely 100,000 : 57,735; 
in the wedding of the dodecahedron, clearly irrational, 100,000 : 79,465; in the 
case of the star, 100,000 : 52,573, half the side of the icosahedron or half the 
distance between two rays. 


ANY 


UN) 


2. ON THE KINSHIP BETWEEN THE HARMONIC RATIOS AND THE 
Five REGULAR FIGURES 


[273] This kinship [cognatio] is various and manifold; but there are four de- 
grees of kinship. For either the sign of kinship is taken from the outward form 
alone which the figures have, or else ratios which are the same as the harmonic 
arise in the construction of the side, or result from the figures already con- 
structed, taken simply or together; or, lastly, they are either equal to or ap- 
proximate the ratios of the spheres of the figure. 

In the first degree, the ratios, where the character or greater term is 3, have 
kinship with the triangular plane of the tetrahedron, octahedron, and icosahe- 
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dron; but where the greater term is 4, with the square plane of the cube; where 
5, with the pentagonal plane of the dodecahedron. This similitude on the part 
of the plane can also be extended to the smaller term of the ratio, so that wher- 
ever the number 3 is found as one term of the continued doubles, that ratio is 
held to be akin to the three figures first named: for example, 1 :3 and 2:3 and 
4:3 and 8 :3, et cetera; but where the number is 5, that ratio is abolutely as- 
signed to the wedding of the dodecahedron: for example, 2: 5and4:5and8: 5, 
and thus 3:5 and 3:10and6:5 and 12:5 and 24: 5. The kinship will be less 
probable if the sum of the terms expresses this similitude, as in 2 : 3 the sum of 
the terms is equal to 5, as if to say that 2 : 3 is akin to the dodecahedron. The 
kinship on account of the outward form of the solid angle is similar: the solid 
angle is trilinear among the primary figures, quadrilinear in the octahedron, and 
quinquelinear in the icosahedron. And so if one term of the ratio participates in 
the number 3, the ratio will be connected with the primary bodies; but if in the 
number 4, with the octahedron; and finally, if in the number 5, with the icosahe- 
dron. But in the feminine solids this kinship is more apparent, because the 
characteristic figure latent within follows upon the form of the angle: the tetra- 
gon in the octahedron, the pentagon in the icosahedron; and so 3 : 5 would go 
to the sectioned icosahedron for both reasons. 

The second degree of kinship, which is genetic, is to be conceived as follows: 
First, some harmonic ratios of numbers are akin to one wedding or family, 
namely, perfect ratios to the single family of the cube; conversely, there is the 
ratio which is never fully expressed in numbers and cannot be demonstrated by 
numbers in any other way, except by a long series of numbers gradually ap- 
proaching it: this ratio is called divine, when it is perfect, and it rules in various 
ways throughout the dodecahedral wedding. Accordingly, the following con- 
sonances begin to shadow forth that ratio: 1 :2and2:3and2:3and 5:8. For 
it exists most imperfectly in 1 : 2, more perfectly in 5 : 8, and still more perfectly 
if we add 5 and 8 to make 13 and take 8 as the numerator, if this ratio has not 
stopped being harmonic. 

Further, in constructing the side of the figure, the diameter of the globe must 
be cut; and the octahedron demands its bisection, the cube and the tetrahedron 
its trisection, the dodecahedral wedding its quinquesection. Accordingly, the 
ratios between the figures are distributed according to the numbers which ex- 
press those ratios. But the square on the diameter is cut too, or the square on 
the side of the figure is formed from a fixed part of the diameter. And then the 
squares on the sides are compared with the square on the diameter, and they 
constitute the following ratios: in the cube 1 : 3, in the tetrahedron 2 : 3, in the 
octahedron 1 : 2. Wherefore, if the two ratios are put together, the cubic and 
the tetrahedral will give 1 : 2; the cubic and the octahedral, 2 : 3; the octahedral 
and the tetrahedral, 3 : 4. The sides in the dodecahedral wedding are irrational. 

Thirdly, the harmonic ratios follow in various ways upon the already con- 
structed figures. For either the number of the sides of the plane is compared 
with the number of lines in the total figure; [274] and the following ratios arise: 
in the cube, 4 : 12 or 1 : 3; in the tetrahedron 3 : 6 or 1 : 2; in the octahedron 
3:12 or 1:4; in the dodecahedron 5 : 30 or 1 : 6; in the icosahedron 3 : 30 or 
1: 10. Or else the number of sides of the plane is compared with the number of 
planes; then the cube gives 4 : 6 or 2: 3, the tetrahedron 3 : 4, the octahedron 
3:8, the dodecahedron 5:12, the icosahedron 3 : 20. Or else the number of 
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sides or angles of the plane is compared with the number of solid angles, and the 
cube gives 4:8 or 1: 2, the tetrahedron 3 : 4, the octahedron 3:6 or 1: 2, the 
dodecahedron with its consort 5 : 20 or 3: 12 (7.e., 1 : 4). Or else the number of 
planes is compared with the number of solid angles, and the cubic wedding gives 
6:8 or 3:4, the tetrahedron the ratio of equality, the dodecahedral wedding 
12 : 20 or 3 : 5. Or else the number of all the sides is compared with the number 
of the solid angles, and the cube gives 8: 12 or 2:3, the tetrahedron 4:6 or 
2:3, and the octahedron 6: 12 or 1: 2, the dodecahedron 20 : 30 or 2:3, the 
icosahedron 12 : 30 or 2: 5. 

Moreover, the bodies too are compared with one another, if the tetrahedron 
is stowed away in the cube, the octahedron in the tetrahedron and cube, by 
geometrical inscription. The tetrahedron is one third of the cube, the octahedron 
half of the tetrahedron, one sixth of the cube, just as the octahedron, which is 
inscribed in the globe, is one sixth of the cube which cireumscribes the globe. 
The ratios of the remaining bodies are irrational. 

The fourth species or degree of kinship is more preper to this work: the ratio 
of the spheres inscribed in the figures to the spheres circumscribing them is 
sought, and what harmonic ratios approximate them is calculated. For only in 
the tetrahedron is the diameter of the inscribed sphere rational, namely, one 
third of the circumscribed sphere. But in the cubic wedding the ratio, which is 
single there, is as lines which are rational only in square. For the diameter of the 
inscribed sphere is to the diameter of the circumscribed sphere as the square root 
of the ratio 1 : 3. And if you compare the ratios with one another, the ratio of 
the tetrahedral spheres is the square of the ratio of the cubic spheres. In the 
dodecahedral wedding there is again a single ratio, but an irrational one, slightly 
greater than 4 : 5. Therefore the ratio of the spheres of the cube and octahedron 
is approximated by the following consonances: 1 : 2, as proximately greater, and 
3:5, as proximately smaller. But the ratio of the dodecahedral spheres is ap- 
proximated by the consonances 4°: 5 and 5 : 6, as proximately smaller, and 3 : 4 
and 5:8, as proximately greater. 

But if for certain reasons 1 : 2 and 1 : 3 are arrogated to the cube, the ratio of 
the spheres of the cube will be to the ratio of the spheres of the tetrahedron as 
the consonances 1:2 and 1:3, which have been ascribed to the cube, are to 
1:4 and 1:9, which are to be assigned to the tetrahedron, if this proportion is 
to be used. For these ratios, too, are as the squares of those consonances. And 
because 1:9 is not harmonic, 1 : 8 the proximate ratio takes its place in the 
tetrahedron. But by this proportion approximately 4:5 and 3:4 will go with 
the dodecahedral wedding. For:as the ratio of the spheres of the cube is ap- 
proximately the cube of the ratio of the dodecahedral, so too the cubic con- 
sonances | : 2 and 2 : 3 are approximately the cubes of the consonances 4 : 5 and 
3:4. For 4:5 cubed is 64: 125, and 1: 2 is 64: 128. So 8 : 4 cubed is 27 : 64, 
and 1:3 is 27: 8l. 


3. A SUMMARY OF ASTRONOMICAL DocTRINE NECESSARY FOR SPECULATION 
INTO THE CELESTIAL HARMONIES 


First of all, my readers should know that the ancient astronomical hypotheses 
of Ptolemy, in the fashion in which they have been unfolded in the Theoricae of 
Peurbach and by the other writers of epitomes, are to be completely removed 
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from this discussion and cast out of [275] the mind. For they do not convey the 
true lay out of the bodies of the world and the polity of the movements. 

Although I cannot do otherwise than to put solely Copernicus’ opinion con- 
cerning the world in the place of those hypotheses and, if that were possible, to 
persuade everyone of it; but because the thing is still new among the mass of the 
intelligentsia [apud vulgus studiosorum], and the doctrine that the Earth is one 
of the planets and moves among the stars around a motionless sun sounds very 
absurd to the ears of most of them: therefore those who are shocked by the un- 
familiarity of this opinion should know that these harmonical speculations are 
possible even with the hypotheses of Tycho Brahe—because that author holds, 
in common with Copernicus, everything else which pertains to the lay out of 
the bodies and the tempering of the movements, and transfers solely the Co- 
pernican annual movement of the Earth to the whole system of planetary 
spheres and to the sun, which occupies the centre of that system, in the opinion 
of both authors. For after this transference of movement it is nevertheless true 
that in Brahe the Earth occupies at any time the same place that Copernicus 
gives it, if not in the very vast and measureless region of the fixed stars, at least 
in the system of the planetary world. And accordingly, just as he who draws a 
circle on paper makes the writing-foot of the compass revolve, while he who 
fastens the paper or tablet to a turning lathe draws the same circle on the re- 
volving tablet with the foot of the compass or stylus motionless; so too, in the 
case of Copernicus the Earth, by the real movement of its body, measures out a 
circle revolving midway between the circle of Mars on the outside and that of 
Venus on the inside; but in the case of Tycho Brahe the whole planetary system 
(wherein among the rest the circles of Mars and Venus are found) revolves like 
a tablet on a lathe and applies to the motionless Earth, or to the stylus on the 
lathe, the midspace between the circles of Mars and Venus; and it comes about 
from this movement of the system that the Earth within it, although remaining 
motionless, marks out the same circle around the sun and midway between 
Mars and Venus, which in Copernicus it marks out by the real movement of its 
body while the system is at rest. Therefore, since harmonic speculation con- 
siders the eccentric movements of the planets, as if seen from the sun, you may 
easily understand that if any observer were stationed on a sun as much in mo- 
tion as you please, nevertheless for him the Earth, although at rest (as a con- 
cession to Brahe), would seem to describe the annual cirele midway between 
the planets and in an intermediate length of time. Wherefore, if there is any man 
of such feeble wit that he cannot grasp the movement of the earth among the 
stars, nevertheless he can take pleasure in the most excellent spectacle of this 
most divine construction, if he applies to their image in the sun whatever he 
hears concerning the daily movements of the Earth in its eccentrice—such an 
image as Tycho Brahe exhibits, with the Earth at rest. 

And nevertheless the followers of the true Samian philosophy have no just 
cause to be jealous of sharing this delightful speculation with such persons, be- 
cause their joy will be in many ways more perfect, as due to the consummate 
perfection of speculation, if they have accepted the immobility of the sun and 
the movement of the earth. 

Firstly [1], therefore, let my readers grasp that today it is absolutely certain 
among all astronomers that all the planets revolve around the sun, with the 
exception of the moon, which alone has the Earth as its centre: the magnitude 
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of the moon’s sphere or orbit is not great enough for it to be delineated in this 
diagram in a just ratio to the rest. Therefore, to the other five planets, a sixth, 
the Earth, is added, which traces a sixth circle around the sun, whether by its 
own proper movement with the sun at rest, or motionless itself and with the 
whole planetary system revolving. 

Secondly [11]: It is also certain that all the planets are eccentric, 7.e., they 
change their distances from the 
sun, in such fashion that in one -APHELIAL- 
part of their circle they become 
farthest away from the sun, ATURN’ Sire aN ig SPHERE 
[276] and in the opposite part —7 > PERIHELIAL- 
they come nearest to the sun. Mamet y hott ai 
In the accompanying diagram 
three circles apiece have been 
drawn for the single planets: CUBE 
none of them indicate the ec- 
centric route of the planet itself; 
but the mean circle, such as BE 
in the case of Mars, is equal to Metra 
the eccentric orbit, with respect 


“5 |—-MEAN— 

to its longer diameter. But the pen SAAN SPicgg 
orbit itself, such as AD, touches at Tat 
AF, the upper of the three, in 

one place A, and the lower circle 

CD, in the opposite place D. The ETRAHEDROK, 
circle GH made with dots and 
described through the centre of 
the sun indicates the route of 
the sun according to Tycho 
Brahe. And if the sun moves on 
this route, then absolutely all 
the points in this whole planet- 
ary system here depicted ad- 
vance upon an equal route, each 
upon his own. And with one 
point of it (namely, the centre 
of the sun) stationed at one 
point of its circle, as here at the 
lowest, absolutely each and 
every point of the system will be 
stationed at the lowest part of 
its circle. However, on account of the smallness of the space the three circles of 
Venus unite in one, contrary to my intention. 

Thirdly [111]: Let the reader recall from my Mysteriwm Cosmographicum, 
which I published twenty-two years ago, that the number of the planets or cir- 
cular routes around the sun was taken by the very wise Founder from the five 
regular solids, concerning which Euclid, so many ages ago, wrote his book which 
is called the Elements in that it is built up out of a series of propositions. But it 
has been made clear in the second book of this work that there cannot be more 
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regular bodies, z.e., that regular plane figures cannot fit together in a solid more 
than five times. 

Fourthly [rv]: As regards the ratio of the planetary orbits, the ratio between 
two neighbouring planetary orbits is always of such a magnitude that it is easily 
apparent that each and every one of them approaches the single ratio of the 
spheres of one of the five regular solids, namely, that of the sphere circumscrib- 
ing to the sphere inscribed in the figure. Nevertheless it is not wholly equal, as I 
once dared to promise concerning the final perfection of astronomy. For, after 
completing the demonstration of the intervals from Brahe’s observations, I 
discovered the following: if the angles of the cube [277] are applied to the inmost 
circle of Saturn, the centres of the planes are approximately tangent to the 
middle circle of Jupiter; and if the angles of the tetrahedron are placed against 
the inmost circle of Jupiter, the centres of the planes of the tetrahedron are ap- 
proximately tangent to the outmost circle of Mars; thus if the angles of the octa- 
hedron are placed against any circle of Venus (for the total interval between the 
three has been very much reduced), the centres of the planes of the octahedron 
penetrate and descend deeply within the outmost circle of Mercury, but none- 
theless do not reach as far as the middle circle of Mercury; and finally, closest 
of all to the ratios of the dodecahedral and icosahedral spheres—which ratios 
are equal to one another—are the ratios or intervals between the circles of Mars 
and the Earth, and the Earth and Venus; and those intervals are similarly equal, 
if we compute from the inmost circle of Mars to the middle circle of the Earth, 
but from the middle circle of the Earth to the middle circle of Venus. For the 
middle distance of the Earth is a mean proportional between the least distance 
of Mars and the middle distance of Venus. However, these two ratios between 
the planetary circles are still greater than the ratios of those two pairs of spheres 
in the figures, in such fashion that the centres of the dodecahedral planes are not 
tangent to the outmost circle of the Earth, and the centres of the icosahedral 
planes are not tangent to the outmost circle of Venus; nor, however, can this 
gap be filled by the semidiameter of the lunar sphere, by adding it, on the upper 
side, to the greatest distance of the Earth and subtracting it, on the lower, from 
the least distance of the same. But I find a certain other ratio of figures—name- 
ly, if I take the augmented dodecahedron, to which I have given the name of 
echinus, (as being fashioned from twelve quinquangular stars and thereby very 
close to the five regular solids), if I take it, I say, and place its twelve points in 
the inmost circle of Mars, then the sides of the pentagons, which are the bases 
of the single rays or points, touch the middle circle of Venus. In short: the cube 
and the octahedron, which are consorts, do not penetrate their planetary 
spheres at all; the dodecahedron and the icosahedron, which are consorts, do 
not wholly reach to theirs, the tetrahedron exactly touches both: in the first case 
there is falling short; in the second, excess; and in the third, equality, with re- 
spect to the planetary intervals. 

Wherefore it is clear that the very ratios of the planetary intervals from the 
sun have not been taken from the regular solids alone. For the Creator, who is 
the very source of geometry and, as Plato wrote, ‘‘practices eternal geometry,” 
does not stray from his own archetype. And indeed that very thing could be in- 
ferred from the fact that all the planets change their intervals throughout fixed 
periods of time, in such fashion that each has two marked intervals from the 
sun, a greatest and a least; and a fourfold comparison of the intervals from the 
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sun is possible between two planets: the comparison can be made between either 
the greatest, or the least, or the contrary intervals most remote from one an- 
other, or the contrary intervals nearest together. In this way the comparisons 
made two by two between neighbouring planets are twenty in number, although 
on the contrary there are only five regular solids. But it is consonant that if the 
Creator had any concern for the ratio of the spheres in general, He would also 
have had concern for the ratio which exists between the varying intervals of the 
single planets specifically and that the concern is the same in both cases and the 
one is bound up with the other. If we ponder that, we will comprehend that for 
setting up the diameters and eccentricities conjointly, there is need of more 
principles, outside of the five regular solids. 

Fifthly [v]: To arrive at the movements between which the consonances have 
been set up, once more I impress upon the reader that in the Commentaries on 
Mars I have demonstrated from the sure observations of Brahe that daily ares, 
which are equal in one and the same eccentric circle, are not traversed with equal 
speed; but that these differing delays in equal parts of the eccentric observe the 
ratio of their distances from the sun, the source of movement; and conversely, 
that if equal times are assumed, namely, one natural day in both cases, the 
corresponding true diurnal arcs [278] of one eccentric orbit have to one another the 
ratio which 1s the inverse of the ratio of the two distances from the sun. Moreover, I 
demonstrated at the same time that the planetary orbit is elliptical and the sun, 
the source of movement, 1s at one of the foci of this ellipse; and so, when the planet 
has completed a quarter of its total circuit from its aphelion, then it is exactly at its 
mean distance from the sun, midway between its greatest distance at the aphelion 
and its least at the perihelion. But from these two axioms it results that the diurnal 
mean movement of the planet in rts eccentric is the same as the true diurnal arc of its 
eccentric at those moments wherein the planet is at the end of the quadrant of the 
eccentric measured from the aphelion, although that true quadrant appears still 
smaller than the just quadrant. Furthermore, it follows that the sum of any two true 
diurnal eccentric arcs, one of which is at the same distnace from the aphelion that 
the other 1s from the perthelion, 1s equal to the sum of the two mean diurnal arcs. 
And as a consequence, since the ratio of circles 1s the same as that of the diameters, 
the ratio of one mean diurnal arc to the sum of all the mean and equal arcs in the 
total circuit zs the same as the ratio of the mean diurnal arc to the sum of all the true 
eccentric arcs, which are the same in number but unequal to one another. And those 
things should first be known concerning the true diurnal arcs of the eccentric 
and the true movements, so that by means of them we may understand the 
movements which would be apparent if we were to suppose an eye at the sun. 

Sixthly [vi]: But as regards the arcs which are apparent, as it were, from the 
sun, it is known even from the ancient astronomy that, among true movements 
which are equal to one another, that movement which is farther distant from 
the centre of the world (as being at the aphelion) will appear smaller to a be- 
holder at that centre, but the movement which is nearer (as being at the peri- 
helion) will similarly appear greater. Therefore, since moreover the true diurnal 
ares at the near distance are still greater, on account of the faster movement, 
and still smaller at the distant aphelion, on account of the slowness of the move- 
ment, I demonstrated in the Commentaries on Mars that the ratio of the apparent 
diurnal arcs of one eccentric circle is fairly exactly the inverse ratio of the squares 
of their distances from the sun. For example, if the planet one day when it is at 
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a distance from the sun of 10 parts, in any measure whatsoever, but on the 
opposite day, when it is at the perihelion, of 9 similar parts: it is certain that 
from the sun its apparent progress at the aphelion will be to its apparent 
progress at the perihelion, as 81 : 100. 

But that is true with these provisos: First, that the eccentric arcs should not 
be great, lest they partake of distinct distances which are very different—+.e., 
lest the distances of their termini from the apsides cause a perceptible variation; 
second, that the eccentricity should not be very great, for the greater its ec- 
centricity (viz., the greater the arc becomes) the more the angle of its apparent 
movement increases beyond the measure of its approach to the sun, by Theorem 
8 of Euclid’s Optics; none the less in small ares even a great distance is of no mo- 
ment, as I have remarked in my Optics, Chapter 11. But there is another reason 
why I make that admonition. For the eccentric arcs around the mean anomalies 
are viewed obliquely from the centre of the sun. This obliquity subtracts from 
the magnitude of the apparent movement, since conversely the arcs around the 
apsides are presented directly to an eye stationed as it were at the sun. There- 
fore, when the eccentricity is very great, then the eccentricity takes away per- 
ceptibly from the ratio of the movements; if without any diminution we apply 
the mean diurnal movement to the mean distance, as if at the mean distance, 
it would appear to have the same magnitude which it does have—as will be ap- 
parent below in the case of Mercury. All these things are treated at greater 
length in Book v of the Eyitome of Copernican Astronomy; but they have been 
mentioned here too because they have to do with the very terms of the celestial 
consonances, considered in themselves singly and separately. 

Seventhly [vit]: If by chance anyone runs into those diurnal movements which 
are apparent [279] to those gazing not as it were from the sun but from the 
Earth, with which movements Book vi of the Epitome of Copernican Astronomy 
deals, he should know that their rationale is plainly not considered in this busi- 
ness. Nor should it be, since the Earth is not the source of the planetary move- 
ments, nor can it be, since with respect to deception of sight they degenerate not 
only into mere quiet or apparent stations but even into retrogradation, in 
which way a whole infinity of ratios is assigned to all the planets, simultaneously 
and equally. Therefore, in order that we may hold for certain what sort of ratios 
of their own are constituted by the single real eccentric orbits (although these 
too are still apparent, as it were to one looking from the sun, the source of move- 
ment), first we must remove from those movements of their own this image of 
the adventitious annual movement common to all five, whether it arises from 
the movement of the Earth itself, according to Copernicus, or from the annual 
movement of the total system, according to Tycho Brahe, and the winnowed 
movements proper to each planet are to be presented to sight. 

Eighthly [vii]: So far we have dealt with the different delays or arcs of one 
and the same planet. Now we must also deal with the comparison of the move- 
ments of two planets. Here take note of the definitions of the terms which will 
be necessary for us. We give the name of nearest apsides of two planets to the 
perihelion of the upper and the aphelion of the lower, notwithstanding that 
they tend not towards the same region of the world but towards distinct and per- 
haps contrary regions. By extreme movements understand the slowest and the 
fastest of the whole planetary circuit; by converging or converse extreme move- 
ments, those which are at the nearest apsides of two planets—namely, at the 
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perihelion of the upper planet and the aphelion of the lower; by diverging or 
diverse, those at the opposite apsides—namely, the aphelion of the upper and 
the perihelion of the lower. Therefore again, a certain part of my Mysterium 
Cosmographicum, which was suspended twenty-two years ago, because it was 
not yet clear, is to be completed and herein inserted. For after finding the true 
intervals of the spheres by the observations of Tycho Brahe and continuous 
labour and much time, at last, at last the right ratio of the periodic times to the 
spheres 
though it was late, looked to the unskilled man, 
yet looked to him, and, after much time, came, 

and, if you want the exact time, was conceived mentally on the 8th of March 
in this year One Thousand Six Hundred and Highteen but unfelicitously sub- 
mitted to calculation and rejected as false, finally, summoned back on the 15th 
of May, with a fresh assault undertaken, outfought the darkness of my mind by 
the great proof afforded by my labor of seventeen years on Brahe’s observations 
and meditation upon it uniting in one concord, in such fashion that I first be- 
lieved I was dreaming and was presupposing the object of my search among the 
principles. But it is absolutely certain and exact that the ratco which exists be- 
tween the periodic times of any two planets is precisely the ratio of the 34th power 
of the mean distances, i.e., of the spheres themselves; provided, however, that the 
arithmetic mean between both diameters of the elliptic orbit be slightly less 
than the longer diameter. And so if any one take the period, say, of the Earth, 
which is one year, and the period of Saturn, which is thirty years, and extract 
the cube roots of this ratio and then square the ensuing ratio by squaring the 
cube roots, he will have as his numerical products the most just ratio of the 
distances of the Earth and Saturn from the sun.? For the cube root of 1 is 1, and 
the square of it is 1; and the cube root of 30 is greater than 3, and therefore the 
square of it is greater than 9. And Saturn, at its mean distance from the sun, is 
slightly higher [280] than nine times the mean distance of the Earth from the 
sun. Further on, in Chapter 9, the use of this theorem will be necessary for the 
demonstration of the eccentricities. 

Ninthly [rx]: If now you wish to measure with the same yardstick, so to 
speak, the true daily journeys of each planet through the ether, two ratios are 
to be compounded—the ratio of the true (not the apparent) diurnal arcs of the 
eccentric, and the ratio of the mean intervals of each planet from the sun (be- 
cause that is the same as the ratio of the amplitude of the spheres), 2.¢., the true 
diurnal arc of each planet is to be multiplied by the semidiameter of rts sphere: the 
products will be numbers fitted for investigating whether or not those journeys 
are in harmonic ratios. 

Tenthly [x]: In order that you may truly know how great any one of these 
diurnal journeys appears to be to an eye stationed as it were at the sun, although 
this same thing can be got immediately from the astronomy, nevertheless it 
will also be manifest if you multiply the ratio of the journeys by the inverse 
ratio not of the mean, but of the true intervals which exist at any position on 


1For in the Commentaries on Mars, chapter 48, page 232, I have proved that this Arithmetic 
mean is either the diameter of the circle which is equal in length to the elliptic orbit, or else 
is very slightly less. 
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the eccentrics: multiply the journey of the upper by the interval of the lower planet 
from the sun, and conversely multiply the journey of the lower by the interval of the 
upper from the sun. 

Eleventhly [x1]: And in the same way, if the apparent movements are given, 
at the aphelion of the one and at the perihelion of the other, or conversely or 
alternately, the ratios of the distances of the aphelion of the one to the peri- 
helion of the other may be elicited. But where the mean movements must be 
known first, v7z., the inverse ratio of the periodic times, wherefrom the ratio of 
the spheres is elicited by Article vim above: then 7f the mean proportional between 
the apparent movement of either one of its mean movement be taken, this mean pro- 
portional is to the semidiameter of its sphere (which is already known) as the mean 
movement ts to the distance or interval sought. Let the periodic times of two planets 
be 27 and 8. Therefore the ratio of the mean diurnal movement ‘of the one to 
the other is 8 : 27. Therefore the semidiameters of their spheres will be as 9 to 4. 
For the cube root of 27 is 3, that of 8 is 2, and the squares of these roots, 3 and 2, 
are 9 and 4. Now let the apparent aphelial movement of the one be 2 and the 
perihelial movement of the other 3314. The mean proportionals between the 
mean movements 8 and 27 and these apparent ones will be 4 and 30. Therefore 
if the mean proportional 4 gives the mean distance of 9 to the planet, then the 
mean movement of 8 gives an aphelial distance 18, which corresponds to the 
apparent movement 2; and if the other mean proportional 30 gives the other 
planet a mean distance of 4, then its mean movement of 27 will give it a peri- 
helial interval of 33%. I say, therefore, that the aphelial distance of the former is 
to the perihelial distance of the latter as 18 to 334. Hence it is clear that if the 
consonances between the extreme movements of two planets are found and the 
periodic times are established for both, the extreme and the mean distances are 
necessarily given, wherefore also the eccentricities. 

Twelfthly [x1]: It is also possible, from the different extreme movements of 
one and the same planet, to find the mean movement. ‘The mean movement is 
not exactly the arithmetic mean between the extreme movements, nor exactly 
the geometric mean, but it is as much less than the geometric mean as the geo- 
metric mean is less than the [arithmetic] mean between both means. Let the 
two extreme movements be 8 and 10: the mean movement will be less than 9, 
and also less than the square root of 80 by half the difference between 9 and the 
square root of 80. In this way, if the aphelial movement is 20 and the perihelial 
24, the mean movement will be less than 22, even less than the square root of 
480 by half the difference between that root and 22. There is use for this theorem 
in what follows. 

[281] Thirteenthly [x11]: From the foregoing the following proposition is 
demonstrated, which is going to be very necessary for us: Just as the ratio of 
the mean movements of two planets is the inverse ratio of the 34th powers of 
the spheres, so the ratio of two apparent converging extreme movements always 
falls short of the ratio of the 34th powers of the intervals corresponding to those 
extreme movements; and in what ratio the product of the two ratios of the cor- 
responding intervals to the two mean intervals or to the semidiameters of the 
two spheres falls short of the ratio of the square roots of the spheres, in that 
ratio does the ratio of the two extreme converging movements exceed the ratio 
of the corresponding intervals; but if that compound ratio were to exceed the 
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ratio of the square roots of the spheres, then the ratio of the converging move- 
ments would be less than the ratio of their intervals.} 

Let the ratio of the spheres be DH : AE; let the ratio of the mean movements 
be HI : EM, the 34th power of the inverse of the former. 


Let the least interval of the sphere of the first be CG; 45 8 9 
and the greatest interval of the sphere of the second be A Prigin 
BF; and first let DH :CG comp. BF : AE be smaller 
than the 4th power of DH : AE. And let GH be the 
apparent perihelial movement of the upper planet, and 
FL the aphelial of the lower, so that they are converg- 
ing extreme movements. M ane 
I say that bao 
GK :FL=BF:CG K G 

BF* : CG". ce won 

For 
HI: GK =CG? : DH’; 

and 

FL: EM=AE? : BF’. 
Hence 

HI:GK comp. FL: EM =CG : DH? comp. AE? : BF. 

But 


CG :DH comp. AE: BF< AE} : DH? 
by a fixed ratio of defect, as was assumed. Therefore too 
HI:GK comp. FL:EM AE”: DH” 
AE: DH 
by a ratio of defect which is the square of the former. But by number vir 
HI: EM=AE* : DH®. 
Therefore let the ratio which is smaller by the total square of the ratio of defect 
be divided into the ratio of the 34th powers; that 1s, 
HI: EM comp. GK :HI comp. EM:FL AE’: DH? 
by the excess squared. But 
HI: EM comp. GK: HI comp. EM: FL=GK : FL. 
Therefore 
GK :FL AE’: DH} 
by the excess squared. But 
AE: DH=AE: BF comp. BF :CG comp. CG: DH; 
And 
CG:DH comp. AE: BF AE’: DH} 
by the simple defect. Therefore 
BF :CG AE’: DH} 
by the simple excess. But 
GK :FL AE: DH} 
but by the excess squared. But the excess squared is greater than the simple 
excess. Therefore the ratio of the movements GK to FL is greater than the ratio 
of the corresponding intervals BF to CG. 


1Kepler always measures the magnitude of a ratio from the greater term to the smaller, 
rather than from the antecedent to the consequent, as we do today. For example, as Kepler 
speaks, 2 : 3 is the same as 3 : 2, and 3 : 4 is greater than 7 : 8.—C. G, Wallis. 
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In fully the same way, it is demonstrated even contrariwise that if the planets 
approach one another in G and F beyond the mean distances in H and £, in such 
fashion that the ratio of the mean distances DH : AE becomes less than 
DH? : AE’, then the ratio of the movements GK : FL becomes less than the 
ratio of the corresponding intervals BF : CG. For you need to do nothing more 
than to change the words greater to less, >to <, excess to defect, and conversely. 

In suitable numbers, because the square root of 46 is 24; and 5% is even 
greater than 24 by the ratio of excess 154; and the square of the ratio 8 : 9 [282] 
is the ratio 1600 : 2025, z.e., 64 : 81; and the square of the ratio 4 : 5 is the ratio 
3456 : 5400, z.e., 16 : 25; and finally the 34th power of the ratio 4 : 9 is the ratio 
1600 : 5400, 2.e., 8 : 27: therefore too the ratio 2025 : 3456, 7.e., 75 : 128, is even 
greater than 5:8, 7.e., 75: 120, by the same ratio of excess (7.e., 120 : 128), 
15:16; whence 2025 : 3456, the ratio of the converging movements, exceeds 
5 : 8, the inverse ratio of the corresponding intervals, by as much as 5 : 8 exceeds 
2:3, the square root of the ratio of the spheres. Or, what amounts to the same 
thing, the ratio of the two converging intervals is a mean between the ratio of 
the square roots of the spheres and the inverse ratio of the corresponding 
movements. 

Moreover, from this you may understand that the ratio of the diverging move- 
ments is much greater than the ratio of the 34th powers of the spheres, since 
the ratio of the 34th powers is compounded with the squares of the ratio of the 
aphelial interval to the mean interval, and that of the mean to the perihelial. 


4. IN WHat Tuincs HAVING TO DO WITH THE PLANETARY MOVEMENTS HAVE 
THE HarRMONIC CONSONANCES BEEN EXPRESSED BY THE CREATOR, 
AND IN WHat Way? 


Accordingly, if the image of the retrogradation and stations is taken away 
and the proper movements of the planets in their real eccentric orbits are win- 
nowed out, the following distinct things still remain in the planets: 1) The dis- 
tances from the sun. 2) The periodic times. 3) The diurnal eccentric arcs. 4) 
The diurnal delays in those arcs. 5) The angles at the sun, and the diurnal ares 
apparent to those as it were gazing from the sun. And again, all of these things, 
with the exception of the periodic times, are variable in the total circuit, most 
variable at the mean longitudes, but least at the extremes, when, turning away 
from one extreme longitude, they begin to return to the opposite. Hence when 
the planet is lowest and nearest to the sun and thereby delays the least in one 
degree of its eccentric, and conversely in one day traverses the greatest diurnal 
are of its eccentric and appears fastest from the sun: then its movement remains 
for some time in this strength without preceptible variation, until, after passing 
the perihelion, the planet gradually begins to depart farther from the sun in a 
straight line; at that same time it delays longer in the degrees of its eccentric 
circle; or, if you consider the movement of one day, on the following day it goes 
forward less and appears even more slow from the sun until it has drawn close 
to the highest apsis and made its distance from the sun very great: for then 
longest of all does it delay in one degree of its eccentric; or on the contrary in 
one day it traverses its least are and makes a much smaller apparent move- 
ment and the least of its total circuit. 
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Finally, all these things may be considered either as they exist in any one 
planet at different times or as they exist in different planets: whence, by the 
assumption of an infinite amount of time, all the affects of the circuit of one 
planet can concur in the same moment of time with all the affects of the circuit 
of another planet and be compared, and then the total eccentrics, as compared 
with one another, have the same ratio as their semidiameters or mean intervals; 
but the arcs of two eccentrics, which are similar or designated by the same num- 
ber [of degrees], nevertheless have their true lengths unequal in the ratio of 
their eccentrics. For example, one degree in the sphere of Saturn is approximate- 
ly twice as long as one degree in the sphere of Jupiter. And conversely, the 
diurnal arcs of the eccentrics, as expressed in astronomical terms, do not exhibit 
the ratio of the true journeys which the globes complete in one day [283] through 
the ether, because the single units in the wider circle of the upper planet denote 
a quarter part of the journey, but in the narrower circle of the lower planet a 
smaller part. 

Therefore let us take the second of the things which we have posited, namely, 
the periodic times of the planets, which comprehend the sums made up of all 
the delays—long, middling, short—in all the degrees of the total circuit. And we 
found that from antiquity down to us, the planets complete their periodic re- 
turns around the sun, as follows in the table: 


Therefore the mean 


Minutes diurnal movements 
Days of a day Min. Sec. Thirds 
Saturn 10,759 12 2 0 27 
Jupiter 4,332 37 4 59 8 
Mars 686 59 ol 26 31 
Earth with Moon 365 15 59 8 11 
Venus 224 42 96 7 39 
Mercury 87 58 245 32 25 


Accordingly, in these periodic times there are no harmonic ratios, as is easily 
apparent, if the greater periods are continuously halved, and the smaller are 
continuously doubled, so that, by neglecting the intervals of an octave, we can 
investigate the intervals which exist within one octave. 


Saturn Jupiter Mars | Earth | Venus | Mercury 


10,759? 12’ 
5379236" | 4,33237! 87°58" 
Halves | 2,689°48' | 2,166°19’ 224P49' | 175°56’| Doubles 


1,344°54’ | 1,083°10’ | 686759’ | 365715’ | 449°24’ | 351252’ 
Bq2 een 541235’ 


All the last numbers, as you see, are counter to harmonic ratios and seem, as 
it were, irrational. For let 687, the number of days of Mars, receive as its measure 
120, which is the number of the division of the chord: according to this measure 
Saturn will have 117 for one sixteenth of its period, Jupiter less than 95 for one 
eighth of its period, the earth less than 64, Venus more than 78 for twice its 
period, Mercury more than 61 for four times its period. These numbers do not 
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make any harmonic ratio with 120, but their neighbouring numbers—60, 75, 80, 
and 96—do. And so, whereof Saturn has 120, Jupiter has approximately 97, the 
Earth more than 65, Venus more than 80, and Mercury less than 63. And where- 
of Jupiter has 120, the Earth has less than 81, Venus less than 100, Mercury less 
than 78. Likewise, whereof Venus has 120, the Earth has less than 98, Mercury 
more than 94. Finally, whereof the Earth has 120, Mercury has less than 116. 
But if the free choice of ratios had been effective here, consonances which are 
altogether perfect but not augmented or diminished would have been taken. 
Accordingly we find that God the Creator did not wish to introduce harmonic 
ratios between the sums of the delays added together to form the periodic times. 

[284] And although it 1s a very probable conjecture (as relying on geometrical 
demonstrations and the doctrine concerning the causes of the planetary move- 
ments given in the Commentaries on Mars) that the bulks of the planetary 
bodies are in the ratio of the periodic times, so that the globe of Saturn is about 
thirty times greater than the globe of the Earth, Jupiter twelve times, Mars 
less than two, the Earth one and a half times greater than the globe of Venus 
and four times greater than the globe of Mercury: not therefore will even these 
ratios of bodies be harmonic. 

But since God has established nothing without geometrical beauty, which 
was not bound by some other prior law of necessity, we easily infer that the 
periodic times have got their due lengths, and thereby the mobile bodies too 
have got their bulks, from something which is prior in the archetype, in order to 
express which thing these bulks and periods have been fashioned to this measure, 
as they seem disproportionate. But I have said that the periods are added up 
from the longest, the middling, and the slowest delays: accordingly geometrical 
fitnesses must be found either in these delays or in anything which may be 
prior to them in the mind of the Artisan. But the ratios of the delays are 
bound up with the ratios of the diurnal ares, because the arcs have the inverse 
ratio of the delays. Again, we have said that the ratios of the delays and 
intervals of any one planet are the same. Then, as regards the single planets, 
there will be one and the same consideration of the following three: the 
ares, the delays in equal arcs, and the distance of the arcs from the sun or the 
intervals. And because all these things are variable in the planets, there can be 
no doubt but that, if these things were allotted any geometrical beauty, then, 
by the sure design of the highest Artisan, they would have been received that 
at their extremes, at the aphelial and perihelial intervals, not at the mean in- 
tervals lying in between. For, given the ratios of the extreme intervals, there is 
no need of a plan to fit the intermediate ratios to a definite number. For they 
follow of themselves, by the necessity of planetary movement, from one extreme 
through all the intermediates to the other extreme. 

Therefore the intervals are as follows, according to the very accurate obser- 
vations of Tycho Brahe, by the method given in the Commentaries on Mars and 
investigated in very persevering study for seventeen years. 


1026 KEPLER 
Intervals Compared with Harmonic Ratios! 


Of Two Planets Of Single Planets 
Converging Diverging 


Saturn’s aphelion 10,052. a.| More than a minor whole tone 
9,00 
Wt fuel) cell as Pee perihelion 8,968. b.| Less than a major whole tone 19,900 
d 1 c 3 935 
Jupiter’s aphelion 5,451. c.|No concordant ratio but approxi- 
mately 11 : 10, a discordant or di 
c 45 dy 3:13 perihelion 4,949. d.} minished 6: 5. 
foara dl Th 
Mar’s aphelion 1,665. e.| Here 1662 : 13885 would be the con- 
sonance 6 : 5, and 1665 : 1332 would 
B 5 ee, perihelion 1,882. f.| be5:4 
pet igen! Tor oe 


Earth’s aphelion 1,018. g.| Here 1025 : 984 would be the diesis 
24 : 25. Therefore it does not have 


1000, h_ 27 perihelion 982. h.| the diesis. 


2 
Aaa as Weeoy403 
Venus’ aphelion 729. i.| Less than a sesquicomma. 


perihelion 719. k.| More than one third of a diesis. 


Mercury’s aphelion 470. 1.| 243 : 160, greater than a perfect fifth 
but less than a harmonic 8 : 5 
perihelion 307. m. 


[285] Therefore the extreme intervals of no one planet come near consonances 
except those of Mars and Mercury. 

But if you compare the extreme intervals of different planets with one 
another, some harmonic light begins to shine. For the extreme diverging inter- 
vals of Saturn and Jupiter make slightly more than the octave; and the con- 


1GENERAL Note: Throughout this text Kepler’s concinna and inconcinna are translated as 
“concordant” and ‘“‘discordant.”’ Concinna is usually used by Kepler of all intervals whose 
ratios occur within the ‘‘natura! system”’ or the just intonation of the scale. Inconcinna refers 
to all ratios that lie outside of this system of tuning. ‘‘Consonant’’ (consonans) and ‘‘dis- 
sonant” (dissonans) refer to qualities which can be applied to intervals within the musical 
system, in other words to ‘“‘concords.” ‘‘Harmony”’ (harmonia) is used sometimes in the sense 
of “concordance” and sometimes in the sense of ‘‘consonance.”’ 

Genus durum and genus molle are translated either as “‘major mode” and "minor mode,” or 
as ‘‘major scale” and ‘“‘minor scale,” or as ‘‘major kind” and ‘‘minor kind’”’ (of consonances). 
The use of modus, to refer to the ecclesiastical modes, occurs only in Chapter 6. 

As our present musical terms do not apply strictly to the music of the sixteenth and seven- 
teenth centuries, a brief explanation of terms here may be useful. This material is taken from 
Kepler’s Harmonies of the World, Book 111. 

An octave system in the minor scale (Systema octavae in cantu mollt) 


af te a oo een” AG 
Ratios of string lengths: 72:81:90 :96:108:120 : 128 : 144 
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verging, a mean between the major and minor sixths. So the diverging extremes 
of Jupiter and Mars embrace approximately the double octave; and the con- 
verging, approximately the fifth and the octave. But the diverging extremes of 
the Earth and Mars embrace somewhat more than the major sixth; the con- 
verging, an augmented fourth. In the next couple, the Earth and Venus, there is 
again the same augmented fourth between the converging extremes; but we 
lack any harmonic ratio between the diverging extremes: for it is less than the 
semi-octave (so to speak) 7.e., less than the square root of the ratio 2 : 1. Finally, 
between the diverging extremes of Venus and Mercury there is a ratio slightly 


In the major scale (In cantu duro) 


oo 6. 0 WC 15 OS 
Ratios of string lengths: 360 : 405 : 482 : 480 : 540 : 576 : 640 : 720 
As in all music, these scales can be repeated at one or more octaves above. The ratios would 
then all be halved, 7.e., 


=—- ©&2 eo 


an e td c— vbilbea Att f 
180 :202 14 : 216 : 240 : 270 : 288 : 320 : 360 : 405 ete. 


Various intervals which Kepler considers are: 
80 : 81 comma (of Didymus), difference between major and minor whole tones (84 + %o) 
24:25 diesis [difference between e —e flat or B—b flat or between a semitone and a 
minor whole tone (154,+%0)] 
128 :135 lemma [difference between a semitone and a major whole tone (15/4 + 84)] 
243 :256  Plato’s lemma (not found in this system but in the Pythagorean tuning) 
Heeerne! .sbraitone ces mode between e flat — d, b flat - A 
i major mode between e—d, B-—A 
minor mode f — e flat, ec — b flat 
major modee-—d, B-A 
minor mode: g-f,d-c,A-G 
major mode: g-—f,d-c,A-G 
27:32  sub-minor third (major and minor modes: f — d, ¢ — A) 
A . ._) \minor mode: e — flat ~ c, b flat -G 
5:6 minor third pein eee er ae 5 
. ; ._, \minor mode: g — e — flat, d — b — flat 
sta wee hora mode:e—c, B-G 
64:81 ditone (Pythagorean third) (major and minor modes: a — f) 
243 :320 lesser imperfect fourth (inversion of ‘‘greater imperfect fifth’’) see below 
4 minor mode: g — d, f — c, e flat —b flat, d- A, e-G 
as.4 pate! fourth major mode: g -—d, f-c,e-B, ,d-A,c-G 


; minor mode: b’ flat — f 
20:27 — greater imperfect fourth june mode: a -e 


minor mode: a — e flat 
32 : 45 augmented fourth pen arinode: b i 


, ee minor mode: e — flat — A 
45 : 64 diminished fifth —— sagen *, ban 


: minor mode: f — b flat 
27 : 40 lesser imperfect fifth major mode: e - A 


minor mode: g~c,d-G 
2:8) perfect prin [minor mode: eo ode 


9:10 minor whole tone 1 


8:9 major whole tone 
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less than the octave compounded with the minor third; between the converging 
there is a slightly augmented fifth. 

Accordingly, although one interval was somewhat removed from harmonic 
ratios, this success was an invitation to advance further. Now my reasonings 
were as follows: First, in so far as these intervals are lengths without movement, 
they are not fittingly examined for harmonic ratios, because movement is more 
properly the subject of consonances, by reason of speed and slowness. Second, 
inasmuch as these same intervals are the diameters of the spheres, it is be- 
lievable that the ratio of the five regular solids applied proportionally is more 
dominant in them, because the ratio of the geometrical solid bodies to the celes- 
tial spheres (which are everywhere either encompassed by celestial matter, as 
the ancients hold, or to be encompassed successively by the accumulation of 
many revolutions) is the same as the ratio of the plane figures which may be in- 
scribed in a circle (these figures engender the consonances) to the celestial circles 
of movements and the other regions wherein the movements take place. There- 
fore, if we are looking for consonances, we should look for them not in these 


160 :243 greater imperfect fifth (compound of ditone and minor third 644, X 5%) 
81:128 ¢emperfect minor sixth (minor and major modes: f — A) 
5:8 iio Cao {raion mode: e flat — G, blot —d 
; major mode: g — B, c’-—e 
c . ; minor mode: g — B flat, c’ — e flat 

Sib Fe =e mode: e—- G, b-d 
minor mode: d’ —f,a-—c¢ 
major mode: d’ —f,a-e¢ 

Lie octave (g - G, a— A, b- B, b flat — b flat) 

All these are simple intervals. When one or more octaves are added to any simple intervals 
the resultant interval is a “compound” interval. 

1:3 equals 4X 2%—an octave and a perfect fifth 

3 : 32 equals (14) 34—three octaves and a perfect fourth 

1 : 20 equals (14)4X1849—four octaves and a major third 

Concords: All intervals from diesis downward on above list. 

Consonances: Minor and major thirds and sixths, perfect fourth, fifth, and octave. 

‘“‘Adulterine”’ consonances: sub-minor third, ditone, lesser imperfect fourth and fifth, greater 
imperfect fourth and fifth, imperfect minor sixth, greater major sixth. 

Dissonances: All other intervals. 

Throughout this work Kepler, after the fashion of the theorists of his time, uses the ratios 
of string lengths rather than the ratios of vibrations as is usually done today. String lengths 
are, of course, inversely proportionate to the vibrations. That is, string lengths 4 : 5 are ex- 
pressed in vibrations as 5:4. This accounts for the descending order of the scale, which follows 
the increasing numerical order. It is an interesting fact that Kepler’s minor and major scales 
are inversions of each other and hence, when expressed in ratios of vibrations, are in the op- 
posite order from those in ratios of string lengths: 


64 : 27 greater major sixth 


Notes resulting from ratios of vibrations 


Geir ea? = a 
T } ) I 
360 : 405 : 432 : 480 : 540 : 576 : 640 : 720 
tl ah | meet 


Notes resulting from ratios of string lengths 


An arbitrary pitch G is chosen to situate these ratios. This g or ‘‘gamma”’ was usually the 
lowest tone of the sixteenth-century musical gamut. Eviiotr CARTER, JR. 
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intervals in so far as they are the semidiameters of spheres but in them in so far 
as they are the measures of the movements, 2.e., in the movements themselves, 
rather. Absolutely no other than the mean intervals can be taken as the semi- 
diameters of the spheres; but we are here dealing with the extreme intervals. 
Accordingly, we are not dealing with the intervals in respect to their spheres but 
in respect to their movements. 

Accordingly, although for these reasons I had passed on to the comparison of 
the extreme movements, at first the ratios of the movements remained the same 
in magnitude as those which were previously the ratios of the intervals, only in- 
verted. Wherefore too, certain ratios, which are discordant and foreign to har- 
monies, as before, have been found between the movements. But once again I 
judged that this happened to me deservedly, because I compared with one 
another eccentric arcs which are not expressed and numbered by: a measure of 
the same magnitude but are numbered in degrees and minutes which are of di- 
verse magnitude in diverse planets, nor do they from our place give the ap- 
pearance of being as great as the number of each says, except only at the centre 
of the eccentric of each planet, which centre rests upon no body; and hence it is 
also unbelievable that there is any sense or natural instinct in that place in the 
world which is capable of perceiving this; or, rather, it was impossible, if I was 
comparing the eccentric arcs of different planets with respect to their appear- 
ance at their centres, which are different for different planets. But if diverse ap- 
parent magnitudes are compared with one another, they ought to be apparent 
in one place in the world in such a way that that which possesses the faculty of 
comparing them may be present in that place from which they are all apparent. 
Accordingly, I judged that the appearance of these eccentric arcs should be re- 
moved from the mind or else should be formed differently. But if I removed the 
appearance and applied my mind to the diurnal journeys of the planets, I saw 
that I had to employ the rule which I gave in Article rx of the preceding chapter. 
[286] Accordingly if the diurnal arcs of the eccentric are multiplied by the mean 
intervals of the spheres, the following journeys are produced: 


Diurnal Mean Diurnal 

movements | intervals | journeys 
Saturn at aphelion 1453” 9510 1065 
at perihelion 2” 1208 
Jupiter at aphelion 4/44” 5200 1477 
at perihelion 5/15” 16388 
Mars at aphelion 28'44” 1524 2627 
at perihelion 34/34” 3161 
Earth at aphelion 58’6” 1000 3486 
at perihelion 60’13” 3613 
Venus at aphelion 95/29” 794 4149 
at perihelion 96/50” 4207 
Mercury at aphelion 201’0” 388 4680 
at perihelion 307'3” 7148 


Thus Saturn traverses barely one seventh of the journey of Mercury; and hence, 
as Aristotle judged consonant with reason in Book 1 of On the Heavens, the planet 
which is nearer the sun always traverses a greater space than the planet which is farther 
away—as cannot hold in the ancient astronomy. 
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And indeed, if we weigh the thing fairly carefully, it will appear to be not 
very probable that the most wise Creator should have established harmonies 
between the planetary journeys in especial. For if the ratios of the journeys are 
harmonic, all the other affects which the planets have will be necessitated and 
bound up with the journeys, so that there is no room elsewhere for establishing 
harmonies. But whose good will it be to have harmonies between the journeys, 
or who will perceive these harmonies? For there are two things which disclose to 
us harmonies in natural things: either light or sound: light apprehended through 
the eyes or hidden senses proportioned to the eyes, and sound through the ears. 
The mind seizes upon these forms and, whether by instinct (on which Book tv 
speaks profusely) or by astronomical or harmonic ratiocination, discerns the 
concordant from the discordant. Now there are no sounds in the heavens, nor is 
the movement so turbulent that any noise is made by the rubbing against the 
ether. Light remains. If light has to teach these things about the planetary 
journeys, it will teach either the eyes or a sensorium analogous to the eyes and 
situated in a definite place; and it seems that sense-perception must be present 
there in order that light of itself may immediately teach. Therefore there will 
be sense-perception in the total world, namely in order that the movements of 
all the planets may be presented to sense-perceptions at the same time. For that 
former route—from observations through the longest detours of geometry and 
arithmetic, through the ratios of the spheres and the other things which must 
be learned first, down to the journeys which have been exhibited—is too long 
for any natural instinct, for the sake of moving which it seems reasonable that 
the harmonies have been introduced. 

Therefore with everything reduced to one view, I concluded rightly [287] that 
the true journeys of the planets through the ether should be dismissed, and that 
we should turn our eyes to the apparent diurnal arcs, according as they are all 
apparent from one definite and marked place in the world—namely, from the 
solar body itself, the source of movement of all the planets; and we must see, 
not how far away from the sun any one of the planets is, nor how much space it 
traverses in one day (for that is something for ratiocination and astronomy, not 
for instinct), but how great an angle the diurnal movement of each planet sub- 
tends in the solar body, or how great an arc it seems to traverse in one common 
circle described around the sun, such as the ecliptic ,in order that these ap- 
pearances, which were conveyed to the solar body by virtue of light, may be 
able to flow, together with the light, in a straight line into creatures, which are 
partakers of this instinct, as in Book rv we said the figure of the heavens flowed 
into the foetus by virtue of the rays. 

Therefore, if you remove from the proper planetary movement the parallaxes 
of the annual orbit, which gives them the mere appearances of stations and 
retrogradations, Tycho’s astronomy teaches that the diurnal movements of the 
planets in their orbits (which are apparent as it were to spectator at the sun) 
are as shown in the table on the opposite page. 

Note that the great eccentricity of Mercury makes the ratio of the movements 
differ somewhat from the ratio of the square of the distances. For if you make 
the square of the ratio of 100, the mean distance, to 121, the aphelial distance, 
be the ratio of the aphelial movement to the mean movement of 245’32”, then 
an aphelial movement of 167 will be produced; and if the square of the ratio of 
100 to 79, the perihelial distance, be the ratio of the perihelial to the same mean 
movement, then the perihelial movement will become 393; and both cases are 
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Harmonies Between Harmonies Between the 
Two Planets Apparent Diurnal Movements Movements of 
Single Planets 
Diverging Converging 
Saturn at aphelion 1/46” a. | 1:48” : 2715" =4 35, 
at perihelion a le "be major third 


we ar", pO! 
ST get) wo grag 
Jupiter at aphelion 4/30” c. | 4/35” : 5’30”=5 :6, 
at perihelion 5/30” d. minor third 
Saintes yeas La 
hr 8 @, 2A: 
Mars at aphelion P10 CS NP ASS So ld = 
at perihelion Sol. a. the fifth 
<n Sree 
aad el ‘ 
Earth at aphelion Died ee (teas wml le — ley toe 
at perihelion 61/18” h. semitone 
es, h —_ 
Wigs warns 
Venus at aphelion 94’50’" 1. | 94’50” : 98'47’" =24 : 25, 
at perihelion 97'37” k. diesis 
in Dihe ge S53. 
m 4 Lyf 


Mercury at aphelion 164’0” 1. | 164’0” :394’/0”=5 : 12, 
at perihelion 384/0” m. octave and minor third 


greater than I have here laid down, because the mean movement at the mean 
anomaly, viewed very obliquely, does not appear as great, viz., not as great as 
245’32”, but about 5’ less. Therefore, too, lesser aphelial and perihelial move- 
ments will be elicited. But the aphelial [appears] lesser and the perihelial greater, 
on account of theorem 8, Euclid’s Optics, as I remarked in the preceding Chap- 
ter, Article vI. 

Accordingly, I could mentally presume, even from the ratios of the diurnal 
eccentric arcs given above, that there were harmonies and concordant intervals 
between these extreme apparent movements of the single planets, since I saw 
that everywhere there the square roots of harmonic ratios were dominant, but 
knew that the ratio of the apparent movements was the square of the ratio of 
the eccentric movements. But it is possible by experience itself, or without any 
ratiocination to prove what is affirmed, as you see [288] in the preceding table. 
The ratios of the apparent movements of the single planets approach very close 
to harmonies, in such fashion that Saturn and Jupiter embrace slightly more 
than the major and minor thirds, Saturn with a ratio of excess of 53 : 54, and 
Jupiter with one of 54 : 55 or less, namely approximately a sesquicomma; the 
Earth, slightly more (namely 137 : 138, or barely a semicomma) than a semi- 
tone; Mars somewhat less (namely 29 : 30, which approaches 34 : 35 or 35 : 36) 
than a fifth; Mercury exceeds the octave by a minor third rather than a whole 
tone, 2z., it is about 38 : 39 (which is about two commas, viz., 34 : 35 or 35 : 36) 
less than a whole tone. Venus alone falls short of any of the concords the diesis; 
for its ratio is between two and three commas, and it exceeds two thirds of a 
diesis, and is about 34 : 35 or 35 : 36, a diesis diminished by a comma. 
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The moon, too, comes into this consideration. For we find that its hourly apo- 
geal movement in the quadratures, vzz., the slowest of all its movements, to be 
26’26” ; its perigeal movement in the syzygies, viz., the fastest of all, 35/12”, in 
which way the perfect fourth is formed very precisely. For one third of 26/26” 
is 8’49”, the quadruple of which is 3516”. And note that the consonance of the 
perfect fourth is found nowhere else between the apparent movements; note 
also the analogy between the fourth in consonances and the quarter in the 
phases. And so the above things are found in the movements of the single 
planets. 

But in the extreme movements of two planets compared with one another, 
the radiant sun of celestial harmonies immediately shines at first glance, whether 
you compare the diverging extreme movements or the converging. For the ratio 
between the diverging movements of Saturn and Jupiter is exactly the duple or 
octave; that between the diverging, slightly more than triple or the octave and 
the fifth. For one third of 5’30” is 150”, although Saturn has 1'46” instead of 
that. Accordingly, the planetary movements will differ from a consonance by a 
diesis more or less, v2z., 26 : 27 or 27 : 28; and with less than one second acceding 
at Saturn’s aphelion, the excess will be 34 : 35, as great as the ratio of the ex- 
treme movements of Venus. The diverging and converging movements of Jupiter 
and Mars are under the sway of the triple octave and the double octave and a 
third, but not perfectly. For one eighth of 38’1” is 4’45”, although Jupiter has 
4’30” ; and between these numbers there is still a difference of 18 : 19, which is 
a mean between the semitone of 15:16 and the diesis of 24 : 25, namely, ap- 
proximately a perfect lemma of 128 : 135.1 Thus one fifth of 26’14” is 5’15”, al- 
though Jupiter has 5’30”; accordingly in this case the quintuple ratio is dimin- 
ished in the ratio of 21 : 22, the augment in the case of the other ratio, viz., ap- 
proximately a diesis of 24 : 25. 

The consonance 5 : 24 comes nearer, which compounds a minor instead of a 
major third with the double octave. For one fifth of 5’30” is 1'6”, which if multi- 
plied by 24 makes 26’24”, does not differ by more than a semicomma. Mars and 
the Earth have been allotted the least ratio, exactly the sesquialteral or perfect 
fifth: for one third of 57’3” is 19’1”, the double of which is 38’2”, which is Mars’ 
very number, viz., 3811”. They have also been allotted the greater ratio of 
5:12, the octave and minor third, but more imperfectly. For one twelfth of 
61/18” is 5’614”, which if multiplied by 5 gives 2533”, although instead of that 
Mars has 26’14”. Accordingly, there is a deficiency of a diminished diesis ap- 
proximately, viz., 35 : 36. But the Earth and Venus together have been allotted 
3:5 as their greatest consonance and 5: 8 as their least, the major and minor 
sixths, but again not perfectly. For one fifth of 9737”, which if multiplied by 
3 gives 58’33”, which is greater than the movement of the Earth in the ratio 
34 : 35, which is approximately 35 : 36: by so much do the planetary ratios differ 
from the harmonic. Thus one eighth of 94’50” is 11’51”++, five times which is 
59/16”, which is approximately equal to the mean movement of the Earth. 
Wherefore here the planetary ratio is less than the harmonic [289] in the ratio 
of 29 : 30 or 30 : 31, which is again approximately 35 : 36, the diminished diesis; 
and thereby this least ratio of these planets approaches the consonance of the 
perfect fifth. For one third of 94’50” is 3137”, the double of which is 6314”, of 
which the 6118” of the perihelial movement of the Earth falls short in the ratio 

Icf. Footnote to Intervals Compared with Harmonic Ratios, p. 1026. 


HARMONIES OF THE WORLD 1033 


of 31 : 32, so that the planetary ratio is exactly a mean between the neighbour- 
ing harmonic ratios. Finally, Venus and Mercury have been allotted the double 
octave as their greatest ratio and the major sixth as their least, but not absolute- 
perfectly. For one fourth of 384’ is 96’0”, although Venus has 94’50”. Therefore 
the quadruple adds approximately one comma. Thus one fifth of 164’ is 32’487, 
which if multiplied by 3 gives 98’24”, although Venus has 97’37”. Therefore 
the planetary ratio is diminished by about tow thirds of a comma, 7.e., 126 : 127. 

Accordingly the above consonances have been ascribed to the planets; nor is 
there any ratio from among the principal comparisons (v2z., of the converging 
and diverging extreme movements) which does not approach so nearly to some 
consonance that, if strings were tuned in that ratio, the ears would not easily 
discern their ainciiad ous aane the exception of that one excess between 
Jupiter and Mars. 

Moreover, it follows that we shall not stray far away from consonances if we 
compare the movements of the same field. For if Saturn’s 4:5 comp. 53 : 54 
are compounded with the intermediate 1 : 2, the product is 2: 5 comp. 53 : 54, 
which exists between the aphelial movements of Saturn and Jupiter. Compound 
with that Jupiter’s 5: 6 comp. 54 : 55, and the product is 5 : 12 comp 54 : 55, 
which exist between the perithelial movements of Saturn and Jupiter. Thus 
compound Jupiter’s 5:6 comp. 54: 55 with the intermediate ensuing ratio of 
5 : 24 comp. 158 : 157, the product will be 1 : 6 comp. 36 : 35 between the aphe- 
lial movements. Compound the same 5 : 24 comp. 158 : 157 with Mars’ 2:3 
comp. 30 : 29, and the product will be 5 : 36 comp. 25 : 24 approximately, 7.e., 
125 : 864 or about 1:7, between the perihelial movements. This ratio is still 
alone discordant. With 2:3 the third ratio among the intermediates, com- 
pound Mars’ 2 : 3 less 29 : 30; the result will be 4 : 9 comp. 30 : 29, 2.e., 40 : 87, 
another discord between the aphelial movements. If instead of Mars’ you com- 
pound the Earth’s 15 : 16 comp. 137 : 188, you will make 5 : 8 comp. 137 : 138 
between the perihelial movements. And if with the fourth of the intermediates, 
5:8 comp. 31:30, or 2:3 comp. 31:32, you compound the Earth’s 15:16 
comp. 137 : 138, the product will be approximately 3 : 5 between the aphelial 
movements of the Earth and Venus. For one fifth of 94’50” is 18’58”, the triple 
of which is 56’54”, although the Earth has 57’3”. If you compound Venus’ 
34 : 35 with the same ratio, the result will be 5 : 8 between the perihelial move- 
ments. For one eighth of 97'37” is 12’12”+ which if multiplied by 5 gives 61/1”, 
although the Earth has 61/18”. Finally, if with the last of the intermediate ra- 
tios, 3 : 5 comp. 126 : 127 you compound Venus’ 34 : 35, the result is 3 : 5 comp. 
24 : 25, and the interval, compounded of both, between the aphelial movements, 
is dissonant. But if you compound Mercury’s 5:12 comp. 38 : 39, the double 
octave or 1 : 4 will be diminished by approximately a whole diesis, in proportion 
to the perihelial movements. 

Accordingly, perfect consonances are found: between the converging move- 
ments of Saturn and Jupiter, the octave; between the converging movements of 
Jupiter and Mars, the octave and minor third approximately ; between the con- 
verging movements of Mars and the Earth, the fifth; between their perihelial, 
the minor sixth; between the extreme converging movements of Venus and Mer- 
cury, the major sixth; between the diverging or even between the perihelial, the 
double octave: whence without any loss to an astronomy which has been built, 
most subtly of all, upon Brahe’s observations, it seems that the residual very slight 
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discrepancy can be discounted, especially in the movements of Venus and 
Mercury. 

But you will note that where there is no perfect major consonance, as between 
Jupiter and Mars, there alone have I found the placing of the solid figure to be 
approximately perfect, since the perihelial distance of Jupiter is approximately 
three times the aphelial distance of Mars, in such fashion that this pair of planets 
strives after the perfect consonance in the intervals which it does not have in the 
movements. 

[290] You will note, furthermore, that the major planetary ratio of Saturn 
and Jupiter exceeds the harmonic, v7z., the triple, by approximately the same 
quantity as belongs to Venus; and the common major ratio of the converging 
and diverging movements of Mars and the Earth are diminished by approxi- 
mately the same. You will note thirdly that, roughly speaking, in the upper 
planets the consonances are established between the converging movements, 
but in the lower planets, between movements in the same field. And note fourth- 
ly that between the aphelial movements of Saturn and the Earth there are ap- 
proximately five octaves; for one thirty-second of 573” is 1’47”, although the 
aphelial movement of Saturn is 1/46”. 

Furthermore, a great distinction exists between the consonances of the single 
planets which have been unfolded and the consonances of the planets in pairs. 
For the former cannot exist at the same moment of time, while the latter ab- 
solutely can; because the same planet, moving at its aphelion, cannot be at the 
same time at the opposite perihelion too, but of two planets one can be at its 
aphelion and the other at its perihelion at the same moment of time. And so the 
ratio of plain-song or monody, which we call choral music and which alone was 
known to the ancients,! to polyphony—called ‘‘figured song,” ;? the invention of 
the latest generations—is the same as the ratio of the consonances which the 
single planets designate to the consonances of the planets taken together. And 
so, further on, in Chapters 5 and 6, the single planets will be compared to the 
choral music of the ancients and its properties will be exhibited in the planetary 
movements. But in the following chapters, the planets taken together and the 
figured modern music will be shown to do similar things. 


5. In THE RATIOS OF THE PLANETARY MOVEMENTS WHICH ARE APPARENT 
AS IT WERE TO SPECTATORS AT THE SUN, HAVE BEEN EXPRESSED THE 
PITCHES OF THE SySTEM, OR NOTES OF THE MUSICAL SCALE, AND THE 

Mopes oF Sone [GENERA CANTUS], THE MAsor AND THE MINOR? 


Therefore by now I have proved by means of numbers gotten on one side 
from astronomy and on the other side from harmonics that, taken in every 
which way, harmonic ratios hold between these twelve termini or movements of 
the six planets revolving around the sun or that they approximate such ratios 
within an imperceptible part of least concord. But just as in Book m1 in the first 
chapter, we first built up the single harmonic consonances separately, and then 

1The choral music of the Greeks was monolinear, everyone singing the same melody to- 
gether.—E. C., Jr. 

2In plain-song all the time values of the notes were approximately equal, while in ‘‘figured 
song”’ time values of different lengths were indicated by the notes, which gave composers an 
opportunity both to regulate the way different contrapuntal parts joined together and to pro- 
duce many expressive effects. Practically all melodies since this time are in “figured song” 
style.—E. C., Jr. 

3See note to Intervals Compared with Harmonic Ratios, p. 1026. 


HARMONIES OF THE WORLD 1035 


we joined together all the consonances—as many as there were—in one common 
system or musical scale, or, rather, in one octave of them which embraces the 
rest in power, and by means of them we separated the others into their degrees 
or pitches [loca] and we did this in such a way that there would be a scale; so now 
also, after the discovery of the consonances [harmoniis] which God Himself has 
embodied in the world, we must consequently see whether those single con- 
sonances stand so separate that-they have no kinship with the rest, or whether 
all are in concord with one another. Notwithstanding it is easy to conclude, 
without any further inquiry, that those consonances were fitted together by the 
highest prudence in such fashion that they move one another about within one 
frame, so to speak, and do not jolt one another out of it; since indeed we see that 
in such a manifold comparison of the same terms there is no place where con- 
sonances do not occur. For unless in one scale all the consonances were fitted 
to all, it could easily have come about (and it has come about wherever necessity 
thus urges it) that many dissonances should exist. For example, if someone had 
set up a major sixth between the first and the second term, and likewise a major 
third between the second and the third term, without taking the first into ac- 
count, then he would admit a dissonance and the discordant interval 12 : 25 be- 
between the first and third. 

But come now, let us see whether that which we have already inferred by 
reasoning is really found in this way. [291] But let me premise some cautions, 
that we may be the less impeded in our progress. First, for the present, we must 
conceal those augments or diminutions which are less than a semitone; for we 
shall see later on what causes they have. Second, by continuous doubling or 
contrary halving of the movements, we shall bring everything within the range 
of one octave, on account of the sameness of consonance in all the octaves. 

Accordingly the numbers wherein all the pitches or clefs [loca seu claves] of the 
octave system are expressed have been set out in a table in Book 111, Chapter 71, 


1The table is as follows: In familiar 
Concordant Lengths notes 

Intervals of Strings 

1080 High g 
Semitone 

1152 { # 
Lemma . 

1215 f 
Semitone 

1296 e 
Diesis 

1350 eb 
Semitone 

1440 ‘d 
Semitone 

1536 c # 
Lemma 

1620 c 
Semitone 

1728 b 
Diesis 

1800 b b 
Semitone 

1920 A 
Semitone 

2048 G# (1) 
Lemma 


2160 Low G 


1036 KEPLER 


7.e., understand these numbers of the length of two strings. As a consequence, 
the speeds of the movements will be in the inverse ratios. 


Now let the planetary movements be compared in terms of parts continuously 
halved. Therefore 


Movement of Mercury at perihelion, 7th subduple, or }{28, 3/0” 
at aphelion, 6th subduple, or 464, 2/34” 

Movement of Venus at perihelion, 5th subduple, or 2, 3/3” 
at aphelion, 5th subduple, or 142, 2/58” 
Movement of Earth at perihelion, 5th subduple, or 42, 1/55” 
at aphelion, 5th subduple, or }42, 1/47” 
Movement of Mars at perihelion, 4th subduple, or 46, 2’23” 
at aphelion, 3rd subduple, or 14, 3/17” 


Movement of Jupiter at perihelion, subduple, or 4, 2/45” 
at aphelion, subduple, or 14, 2/15” 
Movement of Saturn at perihelion, Bohor, 
at aphelion, 1/46” 


Now the aphelial movement of Saturn at its slowest—1.e., the slowest move- 
ment—marks G, the lowest pitch in the system with the number 1’46”. There- 
fore the aphelial movement of the Earth will mark the same pitch, but five 
octaves higher, because its number is 1’47”, and who wants to quarrel about one 
second in the aphelial movement of Saturn? But let us take it into account, 
nevertheless; the difference will not be greater than 106 : 107, which is less than 
a comma. If you add 27”, one quarter of this 1’47”, the sum will be 2’14”, al- 
though the perihelial movement of Saturn has 2’15”; similarly the aphelial 
movement of Jupiter, but one octave higher. Accordingly, these two movements 
mark the note b, or else are very slightly higher. Take 36”, one third of 147”, 
and add it to the whole; you will get as a sum 2’23” for the note c; and here’s the 
perihelion of Mars of the same magnitude but four octaves higher. To this same 
1’47” add also 54”, half of it, and the sum will be 2’41” for the note d; and here 
the perihelion of Jupiter is at hand, but one octave higher, for it occupies the 
nearest number, v2z., 245”. If you add two thirds, viz., 111”, the sum will be 
2’58”; and here’s the aphelion of Venus at 2’58”. Accordingly, it will mark the 
pitch or the note e, but five octaves higher. And the perihelial movement of 
Mercury, which is 3’0”, does not exceed it by much but is seven octaves higher. 
Finally, divide the double of 1’47”, viz., 3’34”, into nine parts and subtract one 
part of 24” from the whole; 3’10” will be left for the note f, which the 3’17” of 
the aphelial movement of Mars marks approximately but three octaves higher; 
and this number is slightly greater than the just number and approaches the 
note f sharp. For if one sixteenth of 3’34”, viz., 1314”, is subtracted from 3/34”, 
then 3/2014” is left, to which 3/17” is very near. And indeed in music f sharp is 
often employed in place of f, as we can see everywhere. 

Accordingly all the notes of the major scale [cantus duri] (except the note a 
which was not marked by harmonic division, in Book 11, Chapter 2) are marked 
by all the extreme movements of the planets, except the perihelial movements of 
Venus and the Earth [292] and the aphelial movement of Mercury, whose num- 
ber, 2/34”, approaches the note c sharp. For subtract from the 2’41” of d one 
sixteenth or 10”, and 2’30” remains for the note c sharp. Thus only the perihelial 
movement of Venus and the Earth are missing from this scale, as you may see 
in the table. 
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On the other hand, if the beginning of the scale is made at 215”, the aphelial 
movement of Saturn, and we must express the note G in those degrees: then for 
the note A is 2’32”, which closely approaches the aphelial movement of Mer- 
cury; for the note 6 flat, 2’42”, which is approximately the perihelial movement 
of Jupiter, by the equipollence of octaves; for the note c, 3’0”, approximately the 
perihelial movement of Mercury and Venus; for the note d, 3’23” and the aphe- 
lial movement of Mars is not much graver, v7z., 3/17”, so that here the num- 
ber is about as much less than its note as previously the same number was 
greater than its note; for the note e flat, 336”, which the aphelial movement of 
the Earth approximates; for the note e, 3’50”, and the perihelial movement of 
the Earth is 349”; but the aphelial movement of Jupiter again occupies g. In 
this way, all the notes except f are expressed within one octave of the minor 
scale by most of the aphelial and perihelial movements of the planets, especially 
by those which were previously omitted, as you see in the table. 
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Previously, however, f sharp was marked and a omitted; now a is marked, 
f sharp is omitted ; for the harmonic division in Chapter 2 also omitted the note f. 

Accordingly, the musical scale or system of one octave with all its pitches, by 
means of which natural song! is transposed in music, has been expressed in the 
heavens by a twofold way and in two as it were modes of song. There is this sole 
difference: in our harmonic sectionings both ways start together from one and 
the same terminus G; but here, in the planetary movements, that which was 
previously b now becomes G in the minor mode. 


1Natural song: music in the basic major or minor system without accidentals. E. C., Jr. 
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In the celestial movements, as follows: 


For as in music 2160 : 1800, or 6 : 5, so in that system which the heavens ex- 
press, 1728 : 1440, namely, also6 : 5; and so for most of the remaining, 2160 : 1800, 
1620, 1440, 1350, 1080 as 1728 : 1440, 1296, 1152, 1080, 864. 

Accordingly you won’t wonder any more that a very excellent order of sounds 
or pitches in a musical system or scale has been set up by men, since you see 
that they are doing nothing else in this business except to play the apes of God 
the Creator and to act out, as it were, a certain drama of the ordination of the 
celestial movements. 

But there still remains another way whereby we may understand the two- 
fold musical scale in the heavens, where one and the same system but a twofold 
tuning [tenszo] is embraced, one at the aphelial movement of Venus, the other 
at the perihelial, because the variety of movements of this planet is of the least 
magnitude, as being such as is comprehended within the magnitude of the 
diesis, the least concord. And the aphelial tuning [tenszo], as above, has been 
given to the aphelial movements of Saturn, the Earth, Venus, and (relatively 
speaking) Jupiter, in G, e, b, but to the perihelial movements of Mars and (rela- 
tively speaking) Saturn and, as is apparent at first glance, to those of Mercury, 
in c, é, and b. On the other hand, the perihelial tuning supplies a pitch even for 
the aphelial movements of Mars, Mercury, and (relatively speaking) Jupiter, 
but to the perihelial movements of Jupiter, Venus, and (relatively speaking) 
Saturn, and to a certain extent to that of the Earth and indubitably to that of 
Mercury too. For let us suppose that now not the aphelial movement of Venus 
but the 3/3” of the perihelial gets the pitch of e; it is approached very closely by 
the 3/0” of the perihelial movement of Mercury, through a double octave, at 
the end of Chapter 4. But if 18” or one tenth of this perihelial movement of 
Venus is subtracted, 2’45” remains, the perihelion of Jupiter, which occupies the 
pitch of d; and if one fifteenth or 12” is added, the sum will be 315”, approxi- 
mately the perihelion of Mars which occupies the pitch of f; and thus in b, the 
perihelial movement of Saturn and the aphelial movement of Jupiter have ap- 
proximately the same tuning. But one eighth, or 23”, if multiplied by 5, gives 
1/55”, which is the perihelial movement of the Earth; and, although it does not 
square with the foregoing in the same scale, as it does not give the interval 5 : 8 
below e nor 24: 25 above G, nevertheless if now the perihelial movement of 
Venus and so too the aphelial movement of Mercury, outside of the order, occupy 
the pitch e-flat instead of e, then there the perihelial movement of the Earth will 
occupy the pitch of G, and the aphelial movement of Mercury is in concord, 
because 1’1”, or one third of 3’3”, if multiplied by 5, gives 5’5”, half of which, or 


HARMONIES OF THE WORLD 1039 


2’32”, approximates the aphelion of Mercury, which in this extraordinary ad- 
justment will occupy the pitch of c. Therefore, all these movements are of the 
same tuning with respect to one another; but the perihelial movement of Venus 
together with the three (or five) prior movements, v7z., in the same harmonic 
mode, divides the scale differently from the aphelial movement of the same in its 
tuning, v2z., in the major mode [denere duro]. Moreover, the perihelial move- 
ment of Venus, together with the two posterior movements, divides the same 
scale differently, viz., not into concords but merely into a different order of con- 
cords, namely one which belongs to the minor mode [generzs mollis]. 

But it is sufficient to have laid before the eyes in this chapter what is the case 
casually, but it will be disclosed in Chapter 9 by the most lucid demonstrations 
why each and every one of these things was made in this fashion and what the 
causes were not merely of harmony but even of the very least discord. 


6. In THE EXTREME PLANETARY MOVEMENTS THE MusicaL Mopgs 
or Tones Have SOMEHOW BEEN EXPRESSED 


[294] This follows from the aforesaid and there is no need of many words; 
for the single planets somehow mark the pitches of the system with their peri- 
helial movement, in so far as it has been appointed to the single planets to tra- 
verse a certain fixed interval in the musical scale comprehended by the definite 
notes of it or the pitches of the system, and beginning at that note or pitch of 
each planet which in the preceding chapter fell to the aphelial movement of that 
planet: G to Saturn and the Earth, 6 to Jupiter, which can be transposed higher 
to G, f-sharp to Mars, e to Venus, a to Mercury in the higher octave. See the 
single movements in the familiar terms of notes. They do not form articulately 
the intermediate positions, which you here see filled by notes, as they do the 
extremes, because they struggle from one extreme to the opposite not by leaps 
and intervals but by a continuum of tunings and actually traverse all the means 
(which are potentially infinite)—which cannot be expressed by me in any other 
way than by a continuous series of intermediate notes. Venus remains approxi- 
mately in unison and does not equal even the least of the concordant intervals 
in the difference of its tension. 


Saturn Jupiter Mars approx. 


Venus | : Mercury | : Moon 


{In Modern notation: 


SS SS 


Saturn Jupiter Mars approx. Earth 
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But the signature of two accidentals (flats) in a common staff and the forma- 
tion of the skeletal outline of the octave by the inclusion of a definite concordant 
interval are a certain first beginning of the distinction of Tones or Modes 
[modorum]. Therefore the musical Modes have been distributed among the 
planets. But I know that for the formation and determination of distinct Modes 
many things are requisite, which belong to human song, as containing (a) distinct 
[order of] intervals; and so I have used the word somehow. 

But the harmonist will be free to choose his opinion as to which Mode each 
planet expresses as its own, since the extremes have been assigned to it here. 
From among the familiar Modes, I should give to Saturn the Seventh or Eighth, 
because if you place its key-note at G, the perihelial movement ascends to b; 
to Jupiter, the First or Second Mode, because its aphelial movement has been 
fitted to G and its perihelial movement arrives at b flat; to Mars, the Fifth or 
Sixth Mode, not only because Mars comprehends approximately the perfect 
fifth, which interval is common to all the Modes, but principally because when 
it is reduced with the others to a common system, it attains c with its perihelial 
movement and touches f with its aphelial, which is the key-note of the Fifth or 
Sixth Mode or Tone; I should give the Third or Fourth Mode to the Earth, be- 
cause its movement revolves within a semitone, while the first interval of those 
Modes is a semitone; but to Mercury will belong indifferently all the Modes or 
Tones on account of the greatness of its range; to Venus, clearly none on account 
of the smallness of its range; but on account of the common system the Third 
and Fourth Mode, because with reference to the other planets it occupies e. 
(The Earth sings MI, FA, MI so that you may infer even from the syllables that 
in this our domicile MIsery and FAmine obtain.)! 


7. THE UNIVERSAL CONSONANCES OF ALL Six PLANETS, LikE COMMON 
Four-Part CoUNTERPOINT, CAN EXIST 


[295] But now, Urania, there is need for louder sound while I climb along the 
harmonic scale of the celestial movements to higher things where the true 
archetype of the fabric of the world is kept hidden. Follow after, ye modern 
musicians, and judge the thing according to your arts, which were unknown to 
antiquity. Nature, which is never not lavish of herself, after a lying-in of two 
thousand years, has finally brought you forth in these last generations, the first 
true images of the universe. By means of your concords of various voices, and 
through your ears, she has whispered to the human mind, the favorite daughter 
of God the Creator, how she exists in the innermost bosom. 

(Shall I have committed a crime if I ask the single composers of this genera- 
tion for some artistic motet instead of this epigraph? The Royal Psalter and the 
other Holy Books can supply a text suited for this. But alas for you! No more 
than six are in concord in the heavens. For the moon sings here monody sepa- 
rately, like a dog sitting on the Earth. Compose the melody; I, in order that the 
book may progress, promise that I will watch carefully over the six parts. To 
him who more properly expresses the celestial music described in this work, 
Clio will give a garland, and Urania will betroth Venus his bride.) 

It has been unfolded above what harmonic ratios two neighbouring planets 
would embrace in their extreme movements. But it happens very rarely that 
two, especially the slowest, arrive at their extreme intervals at the same time; 
For example, the apsides of Saturn and Jupiter are about 81° apart. According- 

1See note on hexachordal system. 
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ly, while this distance between them measures out the whole zodiac by definite 
twenty-year leaps!, eight hundred years pass by, and nonetheless the leap 
which concludes the eighth century, does not carry precisely to the very ap- 
sides; and if it digresses much further, another eight hundred years must be 
awaited, that a more fortunate leap than that one may be sought; and the whole 
route must be repeated as many times as the measure of digression is contained 
in the length of one leap. Moreover, the other single pairs of planets have periods 
like that, although not so long. But meanwhile there occur also other con- 
sonances of two planets, between movements whereof not both are extremes but 
one or both are intermediate; and those consonances exist as it were in different 
tunings [tenstonibus]. For, because Saturn tends from G to b, and slightly further, 
and Jupiter from 6 tod and further; therefore between Jupiter and Saturn there 
can exist the following consonances, over and above the octave: the major and 
minor third and the perfect fourth, either one of the thirds through the tuning 
which maintains the amplitude of the remaining one, but the perfect fourth 
through the amplitude of a major whole tone. For there will be a perfect fourth 
not merely from G of Saturn to cc of Jupiter but also from A of Saturn to dd of 
Jupiter and through all the intermediates between the G and A of Saturn and 
the cc and dd of Jupiter. But the octave and the perfect fifth exist solely at the 
points of the apsides. But Mars, which got a greater interval as its own, received 
it in order that it should also make an octave with the upper planets through 
some amplitude of tuning. Mercury received an interval great enough for it to 
set up almost all the consonances with all the planets within one of its periods, 
which is not longer than the space of three months. On the other hand, the 
Earth, and Venus much more so, on account of the smallness of their intervals, 
limit the consonances, which they form not merely with the others but with one 
another in especial, to visible fewness. But if three planets are to concord in one 
harmony, many periodic returns are to be awaited; nevertheless there are many 
consonances, so that they may so much the more easily take place, while each 
nearest consonance follows after its neighbour, and very often threefold con- 
sonances are seen to exist between Mars, the Earth, and Mercury. But the con- 
sonances of four planets now begin to be scattered throughout centuries, and 
those of five planets throughout thousands of years. 

But that all six should be in concord [296] has been fenced about by the longest 
intervals of time; and I do not know whether it is absolutely impossible for this 
to occur twice by precise evolving or whether that points to a certain beginning 
of time, from which every age of the world has flowed. 

But if only one sextuple harmony can occur, or only one notable one among 
many, indubitably that could be taken as a sign of the Creation. Therefore we 
must ask, in exactly how many forms are the movements of all six planets re- 
duced to one common harmony? The method of inquiry is as follows: let us 
begin with the Earth and Venus, because these two planets do not make more 
than two consonances and (wherein the cause of this thing is comprehended) 
by means of very short intensifications of the movements. 

Therefore let us set up two, as it were, skeletal outlines of harmonies, each 
skeletal outline determined by the two extreme numbers wherewith the limits 

1That is to say, since Saturn and Jupiter have one revolution with respect to one another 
every twenty years, they are 81° apart once every twenty years, while the end-positions of 


this 81° interval traverse the ecliptic in leaps, so to speak, and coincide with the apsides ap- 
proximately once in eight hundred years. C. G. W. 
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of the tunings are designated, and let us search out what fits in with them from 
the variety of movements granted to each planet. 


Harmonies of all the Planets, or Universal Harmonies in the Major Mode 


In order that b may bein concord 
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In order that c may be in concord 
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Saturn joins in this universal consonance with its aphelial movement, the Earth 
with its aphelial, Venus approximately with its aphelial; at highest tuning, Venus 
joins with its perihelial; at mean tuning, Saturn joins with its perihelial, Jupiter with 
its aphelial, Mercury with its perihelial. So Saturn can join in with two movements, 
Mars with two, Mercury with four. But with the rest remaining, the perihelial move- 
ment of Saturn and the aphelial of Jupiter are not allowed. But in their place, Mars 
joins in with perihelial movement. 

The remaining planets join in with single movements, Mars alone with two, and 
Mercury with four. 

[297] Accordingly, the second skeletal outline will be that wherein the other 
possible consonance, 5 : 8, exists between the Earth and Venus. Here one eighth 
of the 94’50” of the diurnal aphelial movement of Venus or 11’51” +, if multiplied 
by 5, equals the 59/16” of the movement of the Earth; and similar parts of the 
97'37” of the perihelial movement of Venus are equal to the 61’1”% of the move- 
ment of the Earth. Accordingly, the other planets are in concord in the follow- 
ing diurnal movements: 


Harmonies of all the Planets, or Universal Harmonies 
in the Minor Mode 


: At gravest At most acute [Afodern notation: 
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E. C., Jr.] 


Here again, in the mean tuning Saturn joins in with its perihelial movement, Jupiter 
with its aphelial, Mercury with its perihelial. But at highest tuning approximately 
the perihelial movement of the Earth joins in. 
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i At gravest At most acute [Modern notation: 
In order that c may be 1n concord tunindg Huis Skeealie wi 
eb? 379/204 
@ ie «= 316'5” azo 20" 
6 237'4” 44’4” 
H nad ff 4x 8va "~~ ‘ 
eps _— 189'40” 195/14” 
SunOS reat 162’43” 
eb® 9450” OT Ot 
2x8va_3 
a gt tae 59/16” 61/1” 
ied sn). SS 
po 
8va 7 


go 8 nt otis 29/38” 30’31” , 
or . 

7) ‘eee rai aes 
ql ——_e— 456” 5/5!" a= 
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An here, with the aphelial movement of Jupiter and the perihelial movement of 
Saturn removed, the aphelial movement of Mercury is practically admitted besides 
the perihelial. The rest remain. 


Therefore astronomical experience bears witness that the universal conso- 
nances of all the movements can take place, and in the two modes [generum], the 
major and minor, and in both genera of form, or (if I may say so) in respect to 
two pitches and in any one of the four cases, with a certain latitude of tuning 
and also with a certain variety in the particular consonances of Saturn, Mars, 
and Mercury, of each with the rest; and that is not afforded by the intermediate 
movements alone, but by all the extreme movements too, except the aphelial 
movement of Mars and the perihelial movement of Jupiter; because since the 
former occupies f sharp; and the latter, d Venus, which occupies perpetually 
the intermediate e flat or e, does not allow those neighbouring dissonances in the 
universal consonance, as she would do if she had space to go beyond e¢ or e flat. 
This difficulty is caused by the wedding of the Earth and Venus, or the male and 
the female. These two planets divide the kinds [genera] of consonances into the 
major and masculine and the minor and feminine, according as the one spouse 
has gratified the other—namely, either the Earth is in its aphelion, as if pre- 
serving [298] its marital dignity and performing works worthy of a man, with 
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Venus removed and pushed away to her perihelion as to her distaff; or else the 
Earth has kindly allowed her to ascend into aphelion or the Earth itself has 
descended into its perihelion towards Venus and as it were, into her embrace, 
for the sake of pleasure, and has laid aside for a while its shield and arms and 
all the works befitting a man; for at that time the consonance is minor. 

But if we command this contradictory Venus to keep quiet, 2.e., if we con- 
sider what the consonances not of all but merely of the five remaining planets 
can be, excluding the movement of Venus, the Earth still wanders around its g 
string and does not ascend a semitone above it. Accordingly b?, b, c, d, e?, and e 
can be in concord with g, whereupon, as you see, Jupiter, marking the d string 
with its perihelial movement, is brought in. Accordingly, the difficulty about 
Mars’ aphelial movement remains. For the aphelial movement of the Earth, 
which occupies g, does not allow it on f sharp; but the perihelial movement, as 
was said above in Chapter v, is in discord with the aphelial movement of Mars 
by about half a diesis. 


Harmonies of the Five Planets, with Venus Left Out 


Major mode (Genus durum) At gravest At most acute [Afodern notation: 
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Here at the most grave tuning, Saturn and the Earth join in with their aphelial 
movements; at the mean tuning, Saturn with its perihelial and Jupiter with its aphelial; 
at the most acute, Jupiter with its perihelial. 
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At gravest At most acute 


Minor mode (Genus molle) [Modern notation: 
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Here the aphelial movement of Jupiter is not allowed, but at the most acute 
tuning Saturn practically joins in with its perihelial movement. 


But there can also exist the following harmony of the four planets, Saturn, 
Jupiter, Mars, and Mercury, wherein too the aphelial movement of Mars is 


present, but it is without latitude of tuning. 


In order that b maybe in concord 
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Accordingly the movements of the heavens are nothing except a certain ever- 
lasting polyphony (intelligible, not audible) with dissonant tunings, like certain 
syncopations or cadences (wherewith men imitate these natural dissonances), 
which tends towards fixed and prescribed clauses—the single clauses having six 
terms (like voices)— and which marks out and distinguishes the immensity of 
time with those notes. Hence it is no longer a surprise that man, the ape of his 
Creator, should finally have discovered the art of singing polyphonically [per 
concentum], which was unknown to the ancients, namely in order that he might 
play the everlastingness of all created time in some short part of an hour by 
means of an artistic concord of many voices and that he might to some extent 
taste the satisfaction of God the Workman with His own works, in that very 
sweet sense of delight elicited from this music which imitates God. 


Norte: The comparison Kepler draws between the celestial harmonies and the polyphonic 
music of his time may be clarified by a simple example for four voices from—Palestrina, 
O Crug: 
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Cadence 


As will be observed each of the four voices (as it would also be with the six to which Kepler 
refers) moves from one consonant chord to another while following a graceful melodic line. 
Sometimes bits of scales or passing tones are added to give a voice more melodic freedom ex- 
pressiveness. For the same reason a voice may remain on the same note while the other voices 
change to a new chord. When this becomes a dissonance (called a syncopation) in the new 
chord it usually resolves by moving one step downward to a tone that is consonant with the 
other voices. As in this example each section or ‘‘caluse’”’ ends with a cadence. 

E. C., JR, 
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8. IN THE CELESTIAL HARMONIES WHICH PLANET SINGS SOPRANO, 
Wuicu ALTo, WHIcH TENOR, AND WuiIcH Bass? 


Although these words are applied to human voices, while voices or sounds do 
not exist in the heavens, on account of the very great tranquillity of movements, 
and not even the subjects in which we find the consonances are comprehended 
under the true genus of movement, since we were considering the movements 
solely as apparent from the sun, and finally, although there is no such cause in 
the heavens, as in human singing, for requiring a definite number of voices in 
order to make consonance (for first there was the number of the six planets re- 
volving around the sun, from the number of the five intervals taken from the 
regular figures, and then afterwards—in the order of nature, not of time—the 
congruence of the movements was settled): I do not know why but nevertheless 
this wonderful congruence with human song has such a strong effect upon me 
that I am compelled to pursue this part of the comparison, also, even without 
any solid natural cause. For those same properties which in Book 111, [3800] 
Chapter 16, custom ascribed to the bass and nature gave legal grounds for so 
doing are somehow possessed by Saturn and Jupiter in the heavens; and we 
find those of the tenor in Mars, those of the alto are present in the Earth and 
Venus, and those of the soprano are possessed by Mercury, if not with equality 
of intervals, at least proportionately. For howsoever in the following chapter 
the eccentricities of each planet are deduced from their proper causes and 
through those eccentricities the intervals proper to the movements of each, 
none the less there comes from that the following wonderful result (I do not 
know whether it is occasioned by the procurement and mere tempering of neces- 
sities): (1) as the bass is opposed to the alto, so there are two planets which have 
the nature of the alto, two that of the bass, just as in any Mode of song there is 
one [bass and one alto] on either side, while there are single representatives of 
the other single voices. (2) As the alto is practically supreme in a very narrow 
range [7n angustiis] on account of necessary and natural causes unfolded in 
Book ul, so the almost innermost planets, the Earth and Venus, have the nar- 
rowest intervals of movements, the Earth not much more than a semitone, 
Venus not even a diesis. (3) And as the tenor is free, but none the less progresses 
with moderation, so Mars alone—with the single exception of Mercury—can 
make the greatest interval, namely a perfect fifth. (4) And as the bass makes 
harmonic leaps, so Saturn and Jupiter have intervals which are harmonic, and 
in relation to one another pass from the octave to the octave and perfect fifth. 
(5) And as the soprano is the freest, more than all the rest, and likewise the 
swiftest, so Mercury can traverse more than an octave in the shortest period. 
But this is altogether per accidens; now let us hear the reasons for the eccen- 
tricities. 


9. THe GENESIS OF THE ECCENTRICITIES IN THE SINGLE PLANETS 
FROM THE PROCUREMENT OF THE CONSONANCES 
BETWEEN THEIR MOVEMENTS 


Accordingly, since we see that the universal harmonies of all six planets can- 
not take place by chance, especially in the case of the extreme movements, all 
of which we see concur in the universal harmonies—except two, which concur in 
harmonies closest to the universal—and since much less can it happen by chance 
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that all the pitches of the system of the octave (as set up in Book 111) by means 
of harmonic divisions are designated by the extreme planetary movements, 
but least of all that the very subtle business of the distinction of the celestial 
consonances into two modes, the major and minor, should be the outcome of 
chance, without the special attention of the Artisan: accordingly it follows that 
the Creator, the source of all wisdom, the everlasting approver of order, the 
eternal and superexistent geyser of geometry and harmony, it follows, I say, 
that He, the Artisan of the celestial movements Himself, should have conjoined 
to the five regular solids the harmonic ratios arising from the regular plane 
figures, and out of both classes should have formed one most perfect archetype 
of the heavens: in order that in this archetype, as through the five regular solids 
the shapes of the spheres shine through on which the six planets are carried, so 
too through the consonances, which are generated from the plane figures, and 
deduced from them in Book 111, the measures of the eccentricities in the single 
planets might be determined so as to proportion the movements of the planetary 
bodies; and in order that there should be one tempering together of the ratios 
and the consonances, and that the greater ratios of the spheres should yield 
somewhat to the lesser ratios of the eccentricities necessary for procuring the 
consonances, and conversely those in especial of the harmonic ratios which had 
a greater kinship with each solid figure should be adjusted to the planets— in 
so far as that could be effected by means of consonances. And in order that, 
finally, in that way both the ratios of the spheres and the eccentricities of the 
single planets might be born of the archetype simultaneously, while from the 
amplitude of the spheres and the bulk of the bodies the periodic times of the 
single planets might result. 

[301] While I struggle to bring forth this process into the light of human intel- 
lect by means of the elementary form customary with geometers, may the 
Author of the heavens be favourable, the Father of intellects, the Bestower of 
mortal senses, Himself immortal and superblessed, and may He prevent the 
darkness of our mind from bringing forth in this work anything unworthy of 
His Majesty, and may He effect that we, the imitators of God by the help of the 
Holy Ghost, should rival the perfection of His works in sanctity of life, for which 
He choose His church throughout the Earth and, by the blood of His Son, 
cleansed it from sins, and that we should keep at a distance all the discords of 
enmity, all contentions, rivalries, anger, quarrels, dissensions, sects, envy, pro- 
vocations, and irritations arising through mocking speech and the other works 
of the flesh; and that along with myself, all who possess the spirit of Christ will 
not only desire but will also strive by deeds to express and make sure their call- 
ing, by spurning all crooked morals of all kinds which have been veiled and 
painted over with the cloak of zeal or of the love of truth or of singular erudition 
or modesty over against contentious teachers, or with any other showy garment. 
Holy Father, keep us safe in the concord of our love for one another, that we may 
be one, just as Thou art one with They Son, Our Lord, and with the Holy Ghost, 
and just as through the sweetest bonds of harmonies Thou hast made all Thy 
works one; and that from the bringing of Thy people into concord the body of 
Thy Church may be beuilt up in the Earth, as Thou didst erect the heavens 
themselves out of harmonies. 
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I. Axiom. It is reasonable that, wherever in general zt could have been done, all pos- 
sible harmonies were due to have been set up between the extreme movements of the 
planets taken singly and by twos, in order that that variety should adorn the world. 
II. Axiom The five intervals between the six spheres to some extent were due to cor- 
respond to the ratio of the geometrical spheres which inscribe and circumscribe the 
fe regular solids, and in the same order which 1s natural to the figures. 

Concerning this, see Chapter 1 and the Mystertum Cosmographicum and the 
Epitome of Copernican Astronomy. 

III. Proposition. The intervals between the Earth and Mars, and between the 
Earth and Venus, were due to be least, in proportion to their spheres, and thereby 
approximately equal; middling and approximately equal between Saturn and 
Jupiter, and between Venus and Mercury; but greatest between Jupiter and Mars. 

For by Axiom 11, the planets corresponding in position to the figures which 
make the least ratio of geometrical spheres ought likewise to make the least 
ratio; but those which correspond to the figures of middling ratio ought to make 
the greatest; and those which correspond to the figures of greatest ratio, the 
greatest. But the order holding between the figures of the dodechahedron and 
the icosahedron is the same as that between the pairs of planets, Mars and the 
Earth, and the Earth and Venus, and the order of the cube and octahedron is 
the same as that of the pair Saturn and Jupiter and that of the pair Venus and 
Mercury; and, finally, the order of the tetrahedron is the same as that of the 
pair Jupiter and Mars (see Chapter 3). Therefore, the least ratio will hold be- 
tween the planetary spheres first mentioned, while that between Saturn and 
Jupiter is approximately equal to that between Venus and Mercury; and, fi- 
nally, the greatest between the spheres of Jupiter and Mars. 

IV. Axiom. All the planets ought to have their eccentricities diverse, no less than a 
movement in latitude, and in proportion to those eccentricities also their distances 
from the sun, the source of movement, diverse. 

As the essence of movement consists not in being but in becoming, so too the 
form or figure of the region which any planet traverses in its movement does not 
become solid immediately from the start but in the succession of time acquires 
at last not only length but also breadth and depth (its perfect ternary of di- 
mensions); and, gradually, thus, by the interweaving and piling up of many 
circuits, the form of a concave sphere comes to be represented—just as out of 
the silk-worm’s thread, by the interweaving and heaping together of many cir- 
cles, the cocoon is built. 

V. Proposition. T'wo diverse consonances were to, have been attributed to each pair 
of netghbouring planets. 

For, by Axiom Iv, any planet has a longest and a shortest distance from the 
sun, wherefore, by Chapter 3, it will have both a slowest movement and a 
fastest. Therefore, there are two primary comparisons of the extreme move- 
ments, one of the diverging movements in the two planets, and the other of the 
converging. Now it is necessary that they bediverse from oneanother, because the 
ratio of the diverging movements will be greater, that of the converging, lesser. 
But, moreover, diverse consonances had to exist by way of diverse pairs of 
planets, so that this variety should make for the adornment of the world—by 
Axiom I—and also because the ratios of the intervals between two planets are 
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diverse, by Proposition 11. But to each definite ratio of the spheres there cor- 
respond harmonic ratios, in quantitative kinship, as has been demonstrated in 
Chapter 5 of this book. 

VI. Proposition. The two least consonances, 4: 5 and 6 : 6, do not have a place 
between two planets. 

For 

5 :4=1,000 : 800 
and 

6 :5=1,000 : 833. 
But the spheres circumscribed around the dodecahedron and icosahedron 
have a greater ratio to the inscribed spheres than 1,000 : 795, etc., and these 
two ratios indicate the intervals between the nearest planetary spheres, or 
the least distances. For in the other regular solids the spheres are farther 
distant from one another. But now the ratio of the movements is even greater 
than the ratios of the intervals, unless the ratio of the eccentricities to the 
spheres is vast —by Article x11 of Chapter 3. Therefore the least ratio of the 
movements is greater than 4:5 and 5:6. Accordingly, these consonances, 
being hindered by the regular solids, receive no place among the planets. 
VII. Proprosition. The consonance of the perfect fourth can have no place be- 
tween the converging movements of two planets, unless the ratios of the extreme 
movements proper to them are, tf compounded, more than a perfect fifth. 

For let 3:4 be the ratio between the converging movements. And first, 
let there be no eccentricity, no ratio of movements proper to the single planets, 
but both the converging and the mean movements the same; then it follows 
that the corresponding intervals, which by this hypothesis will be the semi- 
diameters of the spheres, constitute the 2d power of this ratio, viz., 4480 : 5424 
(by Chapter 3). But this ratio is already less than the ratio of the spheres of 
any regular figure; and so the whole inner sphere would be cut by the regular 
planes of the figure inscribed in any outer sphere. But this is contrary to 
Axiom II. 

Secondly, let there be some composition of the ratios between the extreme 
movements, and let the ratio of the converging movements be 3 : 4 or 75 : 100, 
but let the ratio of the corresponding intervals be 1,000 : 795, since no regular 
figure has a lesser ratio of spheres. And because the inverse ratio of the move- 
ments exceeds this ratio of the intervals by the excess 750 : 795, then if this 
excess is divided into the ratio 1,000 : 795, according to the doctrine of Chapter 
3, the result will be 9434 : 7950, the square root of the ratio of the spheres. 
Therefore the square of this ratio, viz., 8901 : 6320, 2.e., 10,000 : 7,100 is the 
ratio of the spheres. Divide this by 1000: 795, the ratio of the converging 
intervals, the result will be 7100 : 7950, about a major whole tone. The com- 
pound of the two ratios which the mean movements have to the converging 
movements on either side must be at least so great, in order that the perfect 
fourth may be possible between the converging movements. Accordingly, the 
compound ratio of the diverging extreme intervals to the converging extreme 
intervals is about the square root of this ratio, z.e., two tones, and again the 
converging intervals are the square of this, z.e., more than a perfect fifth. 
Accordingly, if the compound of the proper movements of two neighbouring 
planets is less than a perfect fifth, a perfect fourth will not be possible be- 
tween their converging movements. 
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VIII. Prorosirion. The consonances 1 : 2 and 1 : 8, 1.e., the octave and the oc- 
tave plus a fifth were due to Saturn and Jupiter. 

For they are the first and highest of the planets and have obtained the 
first figure, the cube, by Chapter 1 of this book; and these consonances are 
first in the order of nature and are chief in the two families of figures, the 
bisectorial or tetragonal and the triangular, by what has been said in Book 1. 
But that which is chief, the octave 1:2, is approximately greater than the 
ratio of the spheres of the cube, [303] which is 1 : ¥3; wherefore it is fitted 
to become the lesser ratio of the movements of the planets on the cube, by 
Chapter 3, Article x111; and, as a consequence, 1 : 3 serves as the greater ratio. 

But this is also the same as what follows: for if some consonance is to some 
ratio of the spheres of the figures, as the ratio of the movements apparent 
from the sun is to the ratio of the mean intervals, such a consonance will duly 
be attributed to the movements. But it is natural that the ratio of the diverging 
movements should be much greater than the ratio of the 34th powers of the 
spheres, according to the end of Chapter 3, 1.e., it approaches the square of 
the ratio of the spheres; and moreover 1 :3 is the square of the ratio of the 
spheres of the cube, which we call the ratio of 1: v3. Therefore, the ratio 
of the diverging movements of Saturn and Jupiter is 1 : 3. (See above, Chap- 
ter 2, for many other kinships of these ratios with the cube.) 

IX. Proposition. The private ratios of the extreme movements of Saturn and 
Jupiter compounded were due to be approximately 2: 8, a perfect fifth. 

This follows from the preceding; if the perihelial movement of Jupiter is 
triple the aphelial movement of Saturn, and conversely the aphelial movement 
of Jupiter is double the perihelial of Saturn, then 1:2 and 1 :3 compounded 
inversely give 2:3. 

X. Axiom. When choice is free in other respects, the private ratio of movements, 
which is prior in nature or of a more excellent mode or even which is greater, is 
due to the higher planet. 

XI. Proposition. The ratio of the aphelial movement of Saturn to the perthelial 
was due to be 4: 5, a major third, but that of Jupiter’s movements 5 : 6, a minor 
third. 

For as compounded together they are equivalent to 2:3; but 2:3 can be 
divided harmonically no other way than into 4:5 and 5:6. Accordingly 
God the composer of harmonies divided harmonically the consonance 2: 3, 
(by Axiom 1) and the harmonic part of it which is greater and of the more 
excellent major mode, as masculine, He gave to Saturn the greater and higher 
planet, and the lesser ratio 5: 6 to the lower one, Jupiter (by Axiom x). 
XII. Proposition. The great consonance of 1 : 4, the double octave, was due to 
Venus and Mercury. 

For as the cube is the first of the primary figures, so the octahedron is the first 
of the secondary figures, by Chapter 1 of this book. And as the cube considered 
geometrically is outer and the octahedron is inner, 7.e., the latter can be in- 
scribed in the former, so also in the world Saturn and Jupiter are the beginning 
of the upper and outer planets, or from the outside; and Mercury and Venus are 
the beginning of the inner planets, or from the inside, and the octahedron has 
been placed between their circuits: (see Chapter 3). Therefore, from among 
the consonances, one which is primary and cognate to the octahedron is due to 
Venus and Mercury. Furthermore, from among the consonances, after 1 : 2 and 
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1 : 3, there follows in natural order 1 : 4; and that is cognate to 1 : 2, the con- 
sonance of the cube, because it has arisen from the same cut of figures, viz., the 
tetragonal, and is commensurable with it, vzz., the double of it; while the octa- 
hedron is also akin to, and commensurable with the cube. Moreover, 1 : 4 is 
cognate to the octahedron for a special reason, on account of the number four 
being in that ratio, while a quadrangular figure lies concealed in the octahedron 
and the ratio of its spheres is said to be 1: v2. 

Accordingly the consonance 1 : 4 is a continued power of this ratio, in the 
ratio of the squares, z.e., the 4th power of 1: ¥2 (see Chapter 2). Therefore, 
1:4 was due to Venus and Mercury. And because in the cube 1 : 2 has been 
made the smaller consonance of the two, since the outermost position is over 
against it, in the octahedron there will be 1: 4, the greater consonance of the 
two, as the innermost position is over against it. But too, this is the reason why 
1:4 has here been given as the greater consonance, not as the smaller.! For 
since the ratio of the spheres of the octahedron is the ratio of 1: V3, then if it 
is postulated that the inscription of the octahedron among the planets is perfect 
(although it is not perfect, but penetrates Mercury’s sphere to some extent— 
which is of advantage to us): accordingly, the ratio of the converging movements 
must be less than the 34th powers of 1: V3; but indeed 1:3 is plainly the 
square of the ratio 1: ¥3 and is thus greater than the exact ratio; all the more 
then will 1 : 4 be greater than the exact ratio, as greater than 1 : 3. Therefore, 
not even the square root of 1 : 4 is allowed between the converging movements. 
Accordingly, 1 : 4 cannot be less than the octahedric; so it will be greater. 

Further: 1:4 is akin to the octahedric square, where the ratio of the in- 
scribed and circumscribed circles is 1: V2, just as 1:3 is akin to the cube, 
where the ratio of the spheres is 1 : ¥3. Foras1:3 isa power of 1: ¥3, viz., its 
square, [304] so too here 1 : 4 is a power of 1: v2, vzz., twice its square, 7.e., its 
quadruple power. Wherefore, if 1:3 was due to have been the greater con- 
sonance of the cube (by Proposition VII), accordingly 1 : 4 ought to become the 
greater consonance of its octahedron. 

XIII. Proposition. The greater consonance of approximately 1:8, the triple 
octave, and the smaller consonance of 5 : 24, the minor third and double octave, were 
due to the extreme movements of Jupiter and Mars. 

For the cube has obtained 1 : 2 and 1 : 8, while the ratio of the spheres of the 
tetrahedron, which is situated between Jupiter and Mars, called the triple ratio, 
is the square of the ratio of the spheres of the cube, which is called the ratio of 
1: V3. Therefore, it was proper that ratios of movements which are the squares 
of the cubic ratios should be applied to the tetrahedron. But of the ratios 1 : 2 
and 1 : 3 the following ratios are the squares: 1 :4and 1:9. But 1 : 9 is not har- 
monic, and 1 : 4 has already been used up in the octahedron. Accordingly, con- 
sonances neighbouring upon these ratios were to have been taken, by Axiom I. 
But the lesser ratio 1 : 8 and the greater 1 : 10 are the nearest. Choice between 
these ratios is determined by kinship with the tetrahedron, which has nothing 
in common with the pentagon, since 1 : 10 is of a pentagonal cut, but the te- 
trahedron has greater kinship with 1 : 8 for many reasons (see Chapter 2). 

Further, the following also makes for 1: 8: just as 1:3 is the greater con- 
sonance of the cube and 1 : 4 the greater consonance of the octahedron, because 


1Smailer (lesser) and greater consonances are equivalent to our modern ‘more closely 
spaced” and ‘more widely spaced” consonances. E. C., Jr. 
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they are powers of the ratios between the spheres of the figures, so too 1 : 8 was 
due to be the greater consonance of the tetrahedron, because as its body is 
double that of the octahedron inscribed in it, as has been said in Chapter 1, so 
too the term 8 in the tetrahedral ratio is double the term 4 in the tetrahedral 
ratio. 

Further, just as 1 : 2 the smaller consonance of the cube, is one octave, and 
1: 4, the greater consonance of the octahedron, is two octaves, so already 1 : 8, 
the greater consonance of the tetrahedron, was due to be three octaves. More- 
over, more octaves were due to the tetrahedron than to the cube and octa- 
hedron, because, since the smaller tetrahedral consonance is necessarily greater 
than all the lesser consonances in the other figures (for the ratio of the tetra- 
hedral spheres is greater than all the spheres of figures): too the greater tetra- 
hedral consonance was due to exceed the greater consonances of the others in 
number of octaves. Finally, the triple of octave intervals has kinship with the 
triangular form of the tetrahedron, and has a certain perfection, as follows: 
every three is perfect; since even the octuple, the term [of the triple octave], is 
the first cubic number of perfect quantity, namely of three dimensions. 

A greater consonance neighbouring upon 1 : 4 or 6 : 24 is 5 : 24, while a lesser 
is 6: 20 or 3: 10. But again 3 : 10 is of the pentagonal cut, which has nothing 
in common with the tetrahedron. But on account of the numbers 3 and 4 (from 
which the numbers 12, 24 arise) 5 : 24 has kinship with the tetrahedron. For we 
are here neglecting the other lesser terms, vzz., 5 and 3, because their lightest de- 
gree of kinship is with figures, as it is possible to see in Chapter 2. Moreover, the 
ratio of the spheres of the tetrahedron is triple; but the ratio of the converging 
intervals too ought to be approximately so great, by Axiom 11. By Chapter 3, 
the ratio of the converging movements approaches the inverse ratio of the 34th 
powers of the intervals, but the 34th power of 3 : 1 is approximately 1000 : 193. 
Accordingly, whereof the aphelial movement of Mars is 1000, the [perihelial] of 
Jupiter will be slightly greater than 193 but much less than 333, which is one. 
third of 1,000. Accordingly, not the consonance 10 : 8, 7.e., 1,000 : 333, but the 
consonance 24 : 5, 2.e., 1,000 : 208, takes place between the converging move- 
ments of Jupiter and Mars. 

XIV. Proposition. The private ratio of the extreme movements of Mars was due 
to be greater than 3 : 4, the perfect fourth, and approximately 18 : 26. 

For let there be the exact consonances 5 : 24and 1 : 8or3 : 24, which are com- 
monly attributed to Jupiter and Mars (Proposition x11). Compound inversely 
5 : 24, the lesser with 3 : 24, the greater; 3 : 5 results as the compound of both 
ratios. But the proper ratio of Jupiter alone has been found to be 5 : 6, in Pro- 
position x1, above. Then compound this inversely with the composition 3 : 5, 
1.€., compound 30 : 25 and 18 : 30; there results as the proper ratio of Mars 18: 
25, which is greater than 18 : 24 or 3: 4. But it will become still greater, if, on 
account of the ensuing reasons, the common greater consonance 1:8 is in- 
creased. 

XV. Proposition. The consonances 2 : 8, the fifth; & : 8, the minor sixth; and 8 : 6, 
the major sixth were to have been distributed among the converging movemenis of 
Mars and the Earth, the Earth and Venus, Venus and Mercury, and in that order. 

For the dodecahedron and the icosahedron, the figures interspaced between 
Mars, the Earth, and Venus have the least ratio between their circumscribed 
and inscribed spheres. [305] Therefore from among possible consonances the 
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least are due to them, as being cognate for this reason, and in order that Axiom 11 
may have place. But the least consonances of all, viz., 5:6 and 4: 5, are not 
possible, by Proposition tv. Therefore, the nearest consonances greater than 
they, vz.,3:4 or2:3 or5:8 or3 : 5 are due to the said figures. 

Again, the figure placed between Venus and Mercury, viz., the octahedron, 
has the same ratio of its spheres as the cube. But by Proposition vu, the cube 
received the ocatve as the lesser consonance existing between the converging 
movements. Therefore, by proportionality, so great a consonance, viz., 1 : 2, 
would be due to the octahedron as the lesser consonance, if no diversity inter- 
vened. But the following diversity intervenes: if compounded together, the pri- 
vate ratios of the single movements of the cubic planets, viz., Saturn and Jupiter, 
did not amount to more than 2 : 3; while, if compounded, the ratios of the single 
movements of the octahedral planets, v1z., Venus and Mercury will amount to 
more than 2 : 3, as is apparent easily, as follows: For, as the proportion between 
the cube and octahedron would require if it were alone, let the lesser octahedral 
ratio be greater than the ratios here given, and thereby clearly as great as was 
the cubic ratio, viz., 1 : 2; but the greater consonance was 1 : 4, by Proposition 
xu. Therefore if the lesser consonance 1:2 is divided into the one we have just 
laid down, 1 : 2, still remains as the compound of the proper movements of Ve- 
nus and Mercury; but 1: 2 is greater than 2:3 the compound of the proper 
movements of Saturn and Jupiter; and indeed a greater eccentricity follows up- 
on this greater compound, by Chapter 3, but a lesser ratio of the converging 
movements follows upon the greater eccentricity, by the same Chapter 3. Where- 
fore by the addition of a greater eccentricity to the proportion between the cube 
and the octahedron it comes about that a lesser ratio than 1 : 2 is also required 
between the converging movements of Venus and Mercury. Moreover, it was in 
keeping with Axiom 1 that, with the consonance of the octave given to the 
planets of the cube, another consonance which is very near (and by the earlier 
demonstration less than 1 : 2) should be joined to the planets of the octahedron. 
But 3:5 is proximately less than 1 : 2, and as the greatest of the three it was 
due to the figure having the greatest ratio of its spheres, viz., the octahedron. 
Accordingly, the lesser ratios, 5: 8and 2: 3or3 : 4, were left for the icosahedron 
and dodecahedron, the figures having a lesser ratio of their spheres. 

But these remaining ratios have been distributed between the two remaining 
planets, as follows. For as, from among the figures, though of equal ratios be- 
tween their spheres, the cube has received the consonance 1 : 2, while the octa- 
hedron the lesser consonance 3 : 5, in that the compound ratio of the private 
movements of Venus and Mercury exceeded the compound ratio of the private 
movements of Saturn and Jupiter; so also although the dodecahedron has the 
same ratio of its spheres as the icosahedron, a lesser ratio was due to it than to 
the icosahedron, but very close on account of a similar reason, v2z., because this 
figure is between the Earth and Mars, which had a great eccentricity in the 
foregoing. But Venus and Mercury, as we shall hear in the following, have 
the least eccentricities. But since the octahedron has 3 : 5, the icosahedron, 
whose species are in a lesser ratio, has the next slightly lesser, viz., 5 : 8; ac- 
cordingly, either 2 : 3, which remains, or 3 : 4 was left for the dodecahedron, 
but more likely 2:3, as being nearer to the icosahedral 5 :8; since they are 
similar figures. 

But 3 : 4 indeed was not possible. For although, in the foregoing, the private 
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ratio of the extreme movements of Mars was great enough, yet the Earth—as 
has already been said and will be made clear in what follows—contributed its 
own ratio, which was too small for the compound ratio of both to exceed the 
perfect fifth. Accordingly, Proposition vu, 3:4 could not have place. And all 
the more so, because—as will follow in Proposition xvi1—the ratio of the con- 
verging intervals was due to be greater than 1,000 : 795. 

XVI. Proposition. The private ratios of movements of Venus and Mercury, if 
compounded together, were due to make approximately 5 : 12. 

For divide the lesser harmonic ratio attributed in Proposition xv to this pair 
jointly into the greater of them, 1 : 4 or 3 : 12, by Proposition x11; there results 
5 : 12, the compound ratio of the private movements of both. And so the private 
ratio of the extreme movements of Mercury alone is less than 5 : 12, the magni- 
tude of the private movement of Venus. Understand this of these first reasons. 
For below, by the second reasons, through the addition of some variation to 
the joint consonances of both, it results that only the private ratio of Mercury 
is perfectly 5 : 12. 

XVII. Proposition. The consonance between the diverging movements of Venus 
and the Earth could not be less than 5 : 12. 

For in the private ratio of its movements Mars alone has received more 
than the perfect fourth and more than 18 : 25, by Proposition xiv. But their 
lesser consonance is the perfect fifth, [306] by Proposition xv. Accordingly, 
the ratio compounded of these two parts is 12 : 25. But its own private ratio 
is due to the Earth, by Axiom rv. Therefore, since the consonance of the 
diverging movements is made up out of the said three elements, it will be 
greater than 12:25. But the nearest consonance greater than 12: 25, 7.e., 
60 : 125, is 5:12, viz., 60: 144. Wherefore, if there is need of a consonance 
for this greater ratio of the two planets, by Axiom 1, it cannot be less than 
60 : 144 or 5: 12. 

Therefore up to now all the remaining pairs of planets have received their 
two consonances by necessary reasons; the pair of the Earth and Venus alone 
has as yet been allotted only one consonance, 5:8, by the axioms so far em- 
ployed. Therefore, we must now take a new start and inquire into its re- 
maining consonance, v2z., the greater, or the consonance of the diverging 
movements. 


PosTERIOR REASONS 


XVIII. Axtom. The universal consonances of movements were to be constituted 
by a tempering of the six movements, especially in the case of the extreme movements. 
This is proved by Axiom I. 
XIX. Axiom. The universal consonances had to come out the same within a 
certain latitude of movements, namely, in order that they should occur the more 
frequently. 
For if they had been limited to indivisible points of the movements, it 
could have happened that they would never occur, or very rarely. 
XX. Axiom. As the most natural division of the kinds [generum] of consonances 
is into major and minor, as has been proved in Book 8, so the universal consonances 
of both kinds had to be procured between the extreme movements of the planets. 
XXI. Axiom. Dwverse species of both kinds of consonances had to be instituted, 
so that the beauty of the world might well be composed out of all possible forms of 
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variety—and by means of the extreme movements, at least by means of some ex- 
treme movemenis. 

By Axiom I. 

XXII. Proposition. The extreme movements of the planets had to designate 
pitches or strings [chordas] of the octave system, or notes [claves] of the musical 
scale. 

For the genesis and comparison of consonances beginning from one common 
term has generated the musical scale, or the division of the octave into its 
pitches or tones [sonos], as has been proved in Book 3. Accordingly, since 
varied consonances between the extremes of movements are required, by 
Axioms I, XxX, and xx1, wherefore the real division of some celestial system 
or harmonic scale by the extremes of movements is required. 

XXIII. Proposition. Jt was necessary for there to be one patr of planets, be- 
tween the movements of which no consonances could exist except the major sixth 
38:5 and the minor sixth 6: 8. 

For since the division into kinds of consonances was necessary, by Axiom xx, 
and by means of the extreme movements at the apsides, by xxi, because 
solely the extremes, viz., the slowest and the fastest, need the determination 
of a manager and orderer, the intermediate tensions come of themselves, 
without any special care, with the passage of the planet from the slowest move- 
ment to the fastest: accordingly, this ordering could not take place otherwise 
than by having the diesis or 24 : 25 designated by the extremes of the two 
planetary movements, in that the kinds of consonances are distinguished by 
the diesis, aS was unfolded in Book 3. 

But the diesis is the difference either between +4905 eWitde: 4:5 and 5:6, 
or between two sixths, 3:5 and 5:8, or between those ratios increased by 
one or more octave intervals. But the two thirds, 4: 5 and 5: 6, did not have 
place between two planets, by Proposition vi, and neither the thirds nor the 
sixths increased by the interval of an octave have been found, except 5: 12 
in the pair of Mars and the Earth, and still not otherwise than along with the 
related 2:3, and so the intermediate ratios 5:8 and 3:5 and 1: 2 were alike 
admitted. Therefore, it remains that the two sixths, 3:5 and 5:8, were to 
be given to one pair of planets. But too the sixths alone were to be granted 
to the variation of their movements, in such fashion that they would neither 
expand their terms to the proximately greater interval of one octave, 1: 2, 
[307] nor contract them to the narrows of the proximately lesser interval of 
the fifth, 2:3. For, although it is true that the same two planets, which make 
a perfect fifth with their extreme converging movements, can also make 
sixths and thus traverse the diesis too, still this would not smell of the singular 
providence of the Orderer of movements. For the diesis, the least interval— 
which is potentially latent in all the major intervals comprehended by the 
extreme movements—is itself at that time traversed by the intermediate 
movements varied by continuous tension, but it is not determined by their 
extremes, since the part is always less than the whole, v7z., the diesis than 
the greater interval 3 : 4 which exists between 2:3 and 1 : 2 and which whole 
would be here assumed to be determined by the extreme movements. 
XXIV. Proposition. The two planets which shift the kind [genus] of harmony, 
which is the difference between the private ratios of the extreme movements, oughi 
to make a diesis, and the private ratio of one ought to be greater than a dvesis, 
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and they ought to make one of the sixths with their aphelial movements and the 
other with their perthelial. 

For, since the extremes of the movements make two consonances differing 
by a single diesis, that can take place in three ways. For either the movement 
of one planet will remain constant and the movement of the other will vary 
by a diesis, or both will vary by half a diesis and make 3:5, a major sixth, 
when the upper is at its aphelion and the lower in its perihelion, and when 
they move out of those intervals and advance towards one another, the upper 
into its perihelion and the lower into its aphelion, they make 5:8, a minor 
sixth; or, finally, one varies its movement from aphelion to perihelion more 
than the other does, and there is an excess of one diesis, and thus there is a 
major sixth between the two aphelia, and a minor sixth between the two 
perihelia. But the first way is not legitimate, for one of these planets would 
be without eccentricity, contrary to Axiom Iv. The second way was less 
beautiful and less expedient; less beautiful, because less harmonic, for the 
private ratios of the movements of the two planets would have been out of 
tune [inconcinnae], for whatever is less than a diesis is out of tune; moreover 
it occasions one single planet to labour under this ill-concordant small differ- 
ence—except that indeed it could not take place, because in this way the 
extreme movements would have wandered from the pitches of the system 
or the notes [clavibus] of the musical scale, contrary to Proposition xxu. 
Moreover, it would have been less expedient, because the sixths would have 
occurred only at those moments in which the planets would have been at the 
contrary apsides; there would have been no latitude within which these sixths 
and the universal consonances related to them could have occurred; accord- 
ingly, these universal consonances would have been very rare, with all the 
[harmonic] positions of the planets reduced to the narrow limits of definite 
and single points on their orbits, contrary to Axiom xIx. Accordingly, the third 
way remains: that both of the planets should vary their own private move- 
ments, but one more than the other, by one full diesis at the least. 

XXV. Proposition. The higher of the planets which shift the kind of harmony 
ought to have the ratio of its privte movements less than a minor whole tone 9 : 10; 
while the lower, less than a semitone 16: 16. 

For they will make 3 : 5 either with their aphelial movements or with their 
perihelial, by the foregoing proposition. Not with their perihelial, for then the 
ratio of their aphelial movements would be 5 : 8. Accordingly, the lower planet 
would have its private ratio one diesis more than the upper would, by the same 
foregoing proposition. But that is contrary to Axiom x. Accordingly, they make 
3:5 with their aphelial movements, and with their perihelial 5 : 8, which is 
24 : 25 less than the other. But if the aphelial movements make 3 : 5, a major 
sixth, therefore, the aphelial movement of the upper together with the peri- 
helial of the lower will make more than a major sixth; for the lower planet will 
compound directly its full private ratio. 

In the same way, if the perihelial movements make 5 : 8, a minor sixth, the 
perihelial movement of the upper and the aphelial movement of the lower will 
make less than a minor sixth; for the lower planet will compound inversely its 
full private ratio. But if the private ratio of the lower equalled the semitone 
15 : 16, then too a perfect fifth could occur over and above the sixths, because 
the minor sixth, diminished by a semitone, because the perfect fifth; but this is 
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contrary to Proposition xxu1. Accordingly, the lower planet has less than a 
semitone in its own interval. And because the private ratio of the upper is one 
diesis greater than the private ratio of the lower, but the diesis compounded 
with the semitone makes 9 : 10 the minor whole tone. 

XXVI. Proposition. On the planets which shift the kind of harmony, the upper 
was due to have either a diesis squared, 576 : 625, i.e., approximately 12 : 13, as 
[808] the cnterval made by its extreme movements, or the semitone 15 : 16, or some- 
thing intermediate differing by the comma 80 : 81 either from the former or the 
latter; while the lower planet, either the simple diesis 24 : 25, or the difference be- 
tween a semitone and a diesis, which is 125 : 128, i.e., approximately 42 : 43; or, 
finally and similarly, something intermediate differing either from the former or 
from the latter by the comma 80 : 81, viz., the upper planet ought to make the diesis 
squared diminished by a comma, and the lower, the simple diesis diminished by a 
comma. 

For, by Proposition xxv, the private ratio of the upper ought to be greater 
than a diesis, but by the preceding proposition less than the [minor] whole tone 
9 : 10. But indeed the upper planet ought to exceed the lower by one diesis, by 
Proposition xxiv. And harmonic beauty persuades us that, even if the private 
ratios of these planets cannot be harmonic, on account of their smallness, they 
should at least be from among the concordant [ex concinnis] if that is possible, 
by Axiom 1. But there are only two concords less than 9 : 10, the [minor] whole 
tone, viz., the semitone and the diesis; but they differ from one another not by 
the diesis but by some smaller interval, 125 : 128. Accordingly, the upper can- 
not have the semitone; nor the lower, the diesis; but either the upper will have 
the semitone 15 : 16, and the lower, 125 : 128, 7.e., 42 : 43; or else the lower will 
have the diesis 24 : 25, but the upper the diesis squared, approximately 12 : 13. 
But since the laws of both planets are equal, therefore, if the nature of the con- 
cordant had to be violated in their private ratios, it had to be violated equally 
in both, so that the difference between their private intervals could remain an 
exact diesis, which is necessary for distinguishing the kinds of consonances, by 
Proposition xxIv. But the nature of the concordant was then violated equally 
in both, if the interval whereby the private ratio of the upper planet fell short 
of the diesis squared and exceeded the semitone is the same interval whereby the 
private ratio of the lower planet fell short of a simple diesis and exceeded the 
interval 125 : 128. 

Furthermore, this excess or defect was due to be the comma 80 : 81, because, 
once more, no other interval was designated by the harmonic ratios, and in 
order that the comma might be expressed among the celestial movements as 
it is expressed in harmonics, namely, by the mere excess and defect of the 
intervals in respect to one another. For in harmonics the comma distin- 
guishes between major and minor whole tones and does not appear in any 
other way. 

It remains for us to inquire which ones of the intervals set forth are preferable 
—whether the diesis, the simple diesis for the lower planet and the diesis squared 
for the upper, or the semitone for the upper and 125 : 128 for the lower. And the 
dieses win by the following arguments: For although the semitone has been 
variously expressed in the musical scale, yet its allied ratio 125 : 128 has not 
been expressed. On the other hand, the diesis has been expressed variously and 
the diesis squared somehow, v7z., in the resolution of whole tones into dieses, 
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semitones, and lemmas; for then, as has been said in Book m1, Chapter 8, two 
dieses proximately succeed one another in two pitches. The other argument is 
that in the distinction into kinds, the laws of the diesis are proper but not at all 
those of the semitone. Accordingly, there had to be greater consideration of 
the diesis than of the semitone. It is inferred from everything that the private 
ratio of the upper planet ought to be 2916 : 3125 or approximately 14 : 15, and 
that of the lower, 243 : 250 or approximately 35 : 36. 

It is asked whether the Highest Creative Wisdom has been occupied in mak- 
ing these tenuous little reckonings. I answer that it is possible that many reasons 
are hidden from me, but if the nature of harmony has not allowed weightier 
reasons—since we are dealing with ratios which descend below the magnitude 
of all concords—it is not absurd that God has followed even those reasons, 
wherever they appear tenuous, since He has ordained nothing without cause. 
It would be far more absurd to assert that God has taken at random these 
magnitudes below the limits prescribed for them, the minor whole tone; and it 
is not sufficient to say: He took them of that magnitude because He chose to do 
so. For in geometrical things, which are subject to free choice, God chose nothing 
without a geometrical cause of some sort, as is apparent in the edges of leaves, 
in the scales of fishes, in the skins of beasts and their spots and the order of the 
spots, and similar things. 

XXVII. Proposition. The ratio of movements of the Earth and Venus ought to 
have been greater than a major sixth between the aphelial movements, less than a 
minor sixth between the perthelial movements. 

By Axiom xx it was necessary to distinguish the kinds of consonances. But 
by Proposition xx that could not be done except through the sixths. Ac- 
cordingly, since by Proposition xv the Earth and Venus, planets next to one 
another and icosahedral, had received the minor sixth, 5 : 8, it was necessary for 
the other sixth, 3: 5, to be assigned to them, but not between the converging 
or diverging extremes, but between the extremes of the same field, one sixth 
[309] between the aphelial, and the other between the perihelial, by Proposi- 
tion xxiv. Furthermore, the consonance 3 : 5 is cognate to the icosahedron, since 
both are of the pentagonal cut. See Chapter 2. 

Behold the reason why exact consonances are found between the aphelial 
and perihelial movements of these two planets, but not between the converging, 
as in the case of the upper planets. 

XXVIII. Proposition. The private ratio of movements fitting the Earth was ap- 
proximately 14:15, Venus, approximately 35 :36. 

For these two planets had to distinguish the kinds of consonances, by the pre- 
ceding proposition; therefore, by Proposition xxvi, the Earth as the higher was 
due to receive the interval 2916 : 3125, 7.e., approximately 14:15, but Venus 
as the lower the interval 243 : 250, z.e., approximately 35 : 36. 

Behold the reason why these two planets have such small eccentricities and, 
in proportion to them, small intervals or private ratios of the extreme move- 
ments, although nevertheless the next higher planet, Mars, and the next lower, 
Mercury, have marked eccentricities and the greatest of all. And astronomy con- 
firms the truth of this; for in Chapter 4 the Earth clearly had 14:15, but 
Venus 34 : 35, which astronomical certitude can barely discern from 35 : 36 in 
this planet. 

XXIX. Proposition. The greater consonance of the movements of Mars and the 
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Earth, viz., that of the diverging movements, could not be from among the con- 
sonances greater than 5: 12. 

Above, in Proposition xvi, it was not any one of the lesser ratios; but now 
it is not any one of the greater ratios either. For the other common or lesser 
consonance of these two planets is 2: 3, when the private ratio of Mars, which 
by Proposition x1v exceeds 18 : 25, makes more than 12 : 25, 7.e., 60 : 125. Ac- 
cordingly, compound the private ratio of the Earth 14 : 15, 2.e., 56 : 60, by the 
preceding proposition. The compound ratio is greater than 56 : 125, which is 
approximately 4 : 9, v7z., slightly greater than an octave and a major whole tone. 
But the next greater consonance than the octave and whole tone is 5: 12, the 
octave and minor third. 

Note that I do not say that this ratio is neither greater nor smaller than 5 : 12; 
but I say that if it is necessary for it to be harmonic, no other consonance will 
belong to it. 

XXX. Proposition. The private ratio of movements of Mercury was due to be 
greater than all the other private ratios. 

For by Proposition xvi the private movements of Venus and Mercury com- 
pounded together were due to make about 5 : 12. But the private ratio of Venus, 
taken separately, is only 243 : 250, 7.e., 1458 : 1500. But if it is compounded in- 
versely with 5 : 12, 2.e., 625 : 1500, Mercury singly is left with 625 : 1458, which 
is greater than an octave and a major whole tone; although the private ratio of 
Mars, which is the greatest of all those among the remaining planets, is less than 
2 : 3, 7.e., the perfect fifth. 

And thereby the private ratios of Venus and Mercury, the lowest planets, if 
compounded together, are approximately equal to the compounded private ra- 
tios of the four higher planets, because, as will now be apparent immediately, the 
compounded private ratios of Saturn and Jupiter exceed 2 : 3; those of Mars fall 
somewhat short of 2:3: all compounded, 4:9, 7.e., 60: 135. Compound the 
Earth’s 14 : 15, 2.e., 56 : 60, the result will be 56 : 135, which is slightly greater 
than 5:12, which just now was the compound of the private ratios of Venus 
and Mercury. But this has not been sought for nor taken from any separate and 
singular archetype of beauty but comes of itself, by the necessity of the causes 
bound together by the consonances hitherto established. 

XXXI. Proposition. The aphelial movement of the Earth had to harmonize with 
the aphelial movement of Saturn, through some certain number of octaves. 

For, by Proposition xviIt, it was necessary for there to be universal conson- 
ances, wherefore also there had to be a consonance of Saturn with the Earth and 
Venus. But if one of the extreme movements of Saturn had harmonized with 
neither of the Earth’s and Venus’, this would have been less harmonic than if 
both of its extreme movements had harmonized with these planets, by Axiom I. 
Therefore both of Saturn’s extreme movements had to harmonize, the aphelial 
with one of these two planets, the perihelial with the other, since nothing would 
hinder, as was the case with the first planet. Accordingly these consonances will 
be either identisonant! [:dentisonae] or diversisonant [diverstsonael], 1.e., either of 
continued double proportion or of some other. But both of them cannot be of 
some other proportion, for between the terms 3 : 5 (which determine the greater 
consonance between the aphelial movements of the Earth and Venus, by Propo- 
sition XXv1I) two harmonic means cannot be set up; for the sixth cannot be 

1Tdentisonant consonances”’ are such as 3 : 5, 3: 10, 3 : 20, etc. 
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divided into three intervals (see Book 111). Accordingly, Saturn could not, [310] 
by means of both its movements, make an octave with the harmonic means 
between 3 and 5; but in order that its movements should harmonize with the 
3 of the earth and the 5 of Venus, it is necessary that one of those terms should 
harmonize identically, or through a certain number of octaves, with the others, 
viz., With one of the said planets. But since the identisonant consonances are 
more excellent, they had to be established between the more excellent extreme 
movements, vzz., between the aphelial, because too they have the position of a 
principle on account of the altitude of the planets and because the Earth and 
Venus claim as their private ratio somehow and as a prerogative the conso- 
nance 3 : 5, with which as their greater consonance we are now dealing. For al- 
though, by Proposition xxu1, this consonance belongs to the perihelial move- 
ment of Venus and some intermediate movement of the Earth, yet the start is 
made at the extreme movements and the intermediate movements come after 
the beginnings. 

Now, since on one side we have the aphelial movement of Saturn at its great- 
est altitude, on the other side the aphelial movement of the Earth rather than 
Venus is to be joined with it, because of these two planets which distinguish the 
kinds of harmony, the Earth, again, has the greater altitude. There is also 
another nearer cause: the posterior reasons—with which we are now dealing— 
take away from the prior reasons but ony with respect to minima, and in har- 
monics that is with respect to all intervals less than concords. But by the prior 
reasons the aphelial movement not of Venus but of the Earth, will approximate 
the consonance of some number of octaves to be established with the aphelial 
movement of Saturn. For compound together, first, 4: 5 the private ratio of 
Saturn’s movements, 7.e., from the aphelion to the perihelial of Saturn (Propo- 
sition XI), secondly, the 1 : 2 of the converging movements of Saturn and 
Jupiter, 7.e., from the perihelion of Saturn to the aphelion of Jupiter 
(by Proposition vur), thirdly, the 1: 8 of the diverging movements of Jupiter 
and Mars, 1.e., from the aphelion of Jupiter to the perihelion of Mars (by 
Proposition x1v), fourthly, the 2 : 3 of the converging movements of Mars and 
the Earth, 7.e., from the perihelion of Mars to the aphelion of the Earth (by 
Proposition xv): you will find between the aphelion of Saturn and the perihelion 
of the Earth the compound ratio 1 : 30, which falls short of 1 : 32, or five octaves, 
by only 30 : 32, 2.e., 15: 16 or a semitone. And so, if a semitone, divided into 
particles smaller than the least concord, is compounded with these four elements 
there will be a perfect consonance of five octaves between the aphelial move- 
ments of Saturn and the Earth, which have been set forth. But in order for the 
same aphelial movement of Saturn to make some number of octaves with the 
aphelial movement of Venus, it would have been necessary to snatch approxi- 
mately a whole perfect fourth from the prior reasons; for if you compound 3 : 5, 
which exists between the aphelial movements of the Earth and Venus, with the 
ratio 1: 30 compounded of the four prior elements, then as it were from the 
prior reasons, 1 : 50 is found between the aphelial movements of Saturn and 
Venus: This interval differs from 1 : 32, or five octaves, by 32 : 50, 7.e., 16 : 25, 
which is a perfect fifth and a diesis; and from six octaves, or 1 : 64, it differs 
by 50 : 64, 7.e., 25 : 32, or a perfect fourth minus a diesis. Accordingly, an 
indentisonant consonance was due to be established, not between the aphe- 
lial movements of Venus and Saturn but between those of Venus and the 
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Earth, so that Saturn might keep a diversisonant consonance with Venus. 
XXXII. PrRovosition. [n the universal consonances of planets of the minor scale 
the exact aphelial movement of Saturn could not harmonize precisely with the other 
planets. 

For the Earth by its aphelial movement does not concur in the universal 
consonance of the minor scale, because the aphelial movements of the Earth 
and Venus make the interval 3 : 5, which is of the major scale (by Proposition 
xv11). But by its aphelial movement Saturn makes an identisonant consonance 
with the aphelial movement of the Earth (by Proposition xxx1). Therefore, 
neither does Saturn concur by its aphelial movement. Nevertheless, in place of 
the aphelial movement there follows some faster movement of Saturn, very near 
to the aphelial, and also in the minor scale—as was apparent in Chapter 7. 
XXXIII. Proposition. The major kind of consonances and musical scale ts 
akin to the aphelial movements; the minor to the perthelial. 

For although a major consonance (dura harmonia] is set up not only between 
the aphelial movement of the Earth and the aphelial movement of Venus but 
also between the lower aphelial movements and the lower movements of Venus 
as far as its perihelion; and, conversely, there is a minor consonance not merely 
between the perihelial movement of Venus and the perihelial of the Earth but 
also between the higher movements of Venus as far as the aphelion and the 
higher movements of the Earth (by Propositions xx and xxiv). Accordingly, 
the major scale is designated properly only in the aphelial movements, the 
minor, only in the perihelial. 

XXXIV. Proposition. The major scale ts more akin to the upper of the two 
planets, the minor, to the lower. 

[311] For, because the major scale is proper to the aphelial movements, the 
minor, to the perihelial (by the preceding proposition), while the aphelial are 
slower and graver than the perihelial; accordingly, the major scale is proper to 
the slower movements, the minor to the faster. But the upper of the two planets 
is more akin to the slow movements, the lower, to the fast, because slowness of 
the private movement always follows upon altitude in the world. Therefore, of 
two planets which adjust themselves to both modes, the upper is more akin to 
the major mode of the scale, the lower, to the minor. Further, the major scale 
employs the major intervals 4 : 5 and 3 : 5, and the minor, the minor ones, 
5:6 and 5:8. But, moreover, the upper planet has both a greater sphere and 
slower, 7.e., greater movements and a lengthier circuit; but those things which 
agree greatly on both sides are rather closely united. 

XXXV. Proposition. Saturn and the Earth embrace the major scale more closely 
Jupiter and Venus, the minor. © 

For, first, the Earth, as compared with Venus and as designating both scales 
along with Venus, is the upper. Accordingly, by the preceding proposition, the 
Earth embraces the major scale chiefly; Venus, the minor. But with its aphelial 
movement Saturn harmonizes with the Earth’s aphelial movement, through an 
octave (by Proposition xxx1): wherefore too (by Proposition xxx) Saturn 
embraces the major scale. Secondly, by the same proposition, Saturn by means 
of its aphelial movement nurtures more the major scale and (by Proposition 
XXXII) spits out the minor scale. Accordingly, it is more closely related to the 
major scale than to the minor, because the scales are properly designated by 
the extreme movements. 
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Now as regards Jupiter, in comparison with Saturn it is lower; therefore as 
the major scale is due to Saturn, so the minor is due to Jupiter, by the preceding 
proposition. 

XXXVI. Proposition. The perthelial movement of Jupiter had to concord with 
the perthelial movement of Venus in one scale but not also in the same consonance; 
and all the less so, with the perthelial movement of the Earth. 

For, because the minor scale chiefly was due to Jupiter, by the preceding 
proposition, while the perihelial movements are more akin to the minor scale 
(by Proposition xxx), accordingly, by its perihelial movement Jupiter had to 
designate the key of the minor scale, v7z., its definite pitch or key-note [phthon- 
gum]. But too the perihelial movements of Venus and the Earth designate the 
same scale (by Proposition xxvi11) ; therefore the perihelial movement of Jupiter 
was to be associated with their perihelial movements in the same tuning, but it 
could not constitute a consonance with the perihelial movements of Venus. For, 
because (by Proposition vit1) it had to make about | : 3 with the aphelial move- 
ment of Saturn, 7z.e., the note [clavem] d of that system, wherein the aphelial 
movement of Saturn strikes the note G, but the aphelial movement of Venus the 
note e: accordingly, it approached the note e within an interval of least conso- 
nance. For the least consonance is 5 : 6, but the interval between d and e is much 
smaller, vzz.,9 : 10, a whole tone. And although in the perihelial tension [tenszone] 
Venus is raised from the d of the aphelial tension yet this elevation is less than a 
diesis, (by Proposition xxvii). But the diesis (and hence any smaller interval) 
if compounded with a minor whole tone does not yet equal 5 : 6 the interval of 
least consonance. Accordingly, the perihelial movement of Jupiter could not 
observe 1 : 3 or thereabouts with the aphelial movement of Saturn and at the 
same time harmonize with Venus. Nor with the Earth. For if the perihelial 
movement of Jupiter had been adjusted to the key of the perihelial movement 
of Venus in the same tension in such fashion that below the quantity of least 
concord it should preserve with the aphelial movement of Saturn the interval 
1 : 3, viz., by differing from the perihelial movement of Venus by a minor whole 
tone, 9: 10 or 36 : 40 (besides some octaves) towards the low. Now the peri- 
helial movement of the Earth differs from the same perihelial movement of 
Venus by 5 : 8, 2.e., by 25 : 40. And so the perihelial movements of the Earth and 
Jupiter differ by 25 : 36, over and above some number of octaves. But that is 
not harmonic, because it is the square of 5 : 6, or a perfect fifth diminished by 
one diesis. 

XXXVIT. Proposition. [t was necessary for an interval equal to the interval of 
Venus to accede to the 2 : 3 of the compounded private consonances of Saturn and 
Jupiter and to 1 : 3 the great consonance common to them. 

For with its aphelial movement Venus assists in the proper designation of the 
major scale; with its perihelial, that of the minor scale, by Propositions xxv 
and xxx. But by its aphelial movement Saturn had to be in concord also with 
the major scale and thus with the aphelial movement of Venus, by Proposition 
xxxv, but Jupiter’s perihelial with the perihelial of Venus, by the preceding 
proposition. Accordingly, as great as Venus makes its interval from aphelial to 
perihelial to be, so great an interval must also accede to that movement of 
Jupiter which makes 1 : 3 with the aphelial movement of Saturn—to the very 
perihelial movement of Jupiter. But the consonance of the converging move- 
ments of Jupiter and Saturn is precisely 1 : 2, by Proposition vir. Accordingly, 
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if the interval 1 : 2 is divided into the interval [312] greater than 1:3, there 
results, as the compound of the private ratios of both, something which is pro- 
portionately greater than 2 : 3. 

Above, in Proposition xxv1, the private ratio of the movements of Venus was 

243 : 250 or approximately 35:36; but in Chapter 4, between the aphelial 
movement of Saturn and the perihelial movement of Jupiter there was found a 
slightly greater excess beyond 1: 3, viz., between 26: 27 and 27 : 28. But the 
quantity here prescribed is absolutely equalled, by the addition of a single 
second to the aphelial movement of Saturn, and I do not know whether as- 
tronomy can discern that difference. 
XXXVIII. Proposition. The increment 243 : 250 to 2: 3, the compound of the 
private ratios of Saturn and Jupiter, which was up to now being established by the 
prior reasons, was to be distributed among the planets in such fashion that of 1t the 
comma 80: 81 should accede to Saturn and the remainder, 19,688 : 20,000 or ap- 
proximately 62 : 63, to Jupiter. 

It follows from Axiom x1x that this was to have been distributed between both 
planets so that each could with some latitude concur in the universal consonan- 
ces of the scale akin to itself. But the interval 243 : 250 is smaller than all con- 
cords: accordingly no harmonic rules remain whereby it may be divided into two 
concordant parts, with the single exception of those of which there was need in 
the division of 24 : 25, the diesis, above in Proposition xxv1; namely, in order 
that it may be divided into the comma 80 : 81 (which is a primary one of those 
intervals which are subordinate to the concordant) and into the remainder 
19,683 : 20,000, which is slightly greater than a comma, v7z., approximately 
62 : 63. But not two but one comma had to be taken away, lest the parts should 
become too unequal, since the private ratios of Saturn and Jupiter are ap- 
proximately equal (according to Axiom x extended even to concords and parts 
smaller than those) and also because the comma is determined by the intervals 
of the major whole tone and minor whole tone, not so two commas. Further- 
more, to Saturn the higher and mightier planet was due not that part which was 
greater, although Saturn had the greater private consonance 4 : 5, but that one 
which is prior and more beautiful, z.e., more harmonic. For in Axiom x the con- 
sideration of priority and harmonic perfection comes first, and the considera- 
tion of quantity comes last, because there is no beauty in quantity of itself. 
Thus the movements of Saturn become 64 : 81, an adulterine+ major third, as 
we have called them in Book 111, Chapter 12, but those of Jupiter, 6,561 : 8,000. 

I do not know whether it should be numbered among the causes of the addi- 
tion of a comma to Saturn that the extreme intervals of Saturn can constitute 
the ratio 8 : 9, the major whole tone, or whether that resulted without further 
ado from the preceding causes of the movements. Accordingly, you here have, 
in place of a corollary, the reason why, above in Chapter 4, the intervals of 
Saturn were found to embrace approximately a major whole tone. 

XXXIX. Proposition. Saturn could not harmonize .with its exact perthelial 
movement in the universal consonances of the planets of the major scale, nor Jupiter 
with its exact aphelial movement. 

For since the aphelial movement of Saturn had to harmonize exactly with the 
aphelial movements of the Earth and Venus (by Proposition xxx1), that move- 
ment of Saturn which is 4 : 5 or one major third faster than its aphelial will also 

1See footnote to Intervals Compared with Harmonic Ratios, 1026. 
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harmonize with them. For the aphelial movements of the Earth and Venus make 
a major sixth, which, by the demonstrations of Book 11, is divisible into a per- 
fect fourth and a major third, therefore the movement of Saturn, which is still 
faster than this movement already harmonized but none the less below the 
magnitude of a concordant interval, will not exactly harmonize. But such a 
movement isSaturn’s perihelial movement itself, because it differs from its aphe- 
lial movement by more than the interval 4 : 5, v1z., one comma or 80 : 81 more 
(which is less than the least concord), by Proposition xxxvi. Accordingly the 
perihelial movement of Saturn does not exactly harmonize. But neither does the 
aphelial movement of Jupiter do so precisely. For while it does not harmonize 
precisely with the perihelial movement of Saturn, it harmonizes at a distance of 
a perfect octave (by Proposition vir), wherefore, according to what has been 
said in Book 11, it cannot precisely harmonize. 

XL. Proposition. /t was necessary to add the lemma of Plato to 1 : 8, or the triple 
octave, the joint consonance of the diverging movements of Jupiter and Mars estab- 
lished by the prior reasons. 

For because, by Proposition xxxt, there had to be 1 : 32, #.e., 12 : 384, be- 
tween the aphelial movements of Saturn and the Earth, but there had to be 
3:2, 7.e., 384 : 256, from the aphelion of the Earth to the perihelion of Mars 
[313] (by Proposition xv), and from the aphelion of Saturn to its perihelion, 
4:5 or 12:15 with its increment (by Proposition xxxviit); finally, from the 
perihelion of Saturn to the aphelion of Jupiter 1 : 2 or 15:30 (by Proposition 
vit); accordingly, there remains 30 : 256 from the aphelion of Jupiter to the 
perihelion of Mars, by the subtraction of the increment of Saturn. But 30 : 256 
exceeds 32 : 256 by the interval 30 : 32, 7.e., 15 : 16 or 240 : 256, which is a 
semitone. Accordingly, if the increment of Saturn, which (by Proposition 
xxxvil) had to be 80 : 81, 2.e., 240 : 243, is compounded inversely with 
240 : 243, the result is 243 : 256; but that is the lemma of Plato,! viz., approxi- 
mately 19 : 20, see Book m1. Accordingly, Plato’s lemma had to be com- 
pounded with the 1 : 8. 

And so the great ratio of Jupiter and Mars, viz., of the diverging movements, 
ought to be 243 : 2,048, which is somehow a mean between 248 : 2,187 and 
243 : 1,944, 2.e., between 1:9 and 1:8, whereof proportionality required the 
first, above; and a nearer harmonic concord, the second. 

XLI. Proposition. The private ratio of the movements of Mars has necessarily 
been made the square of the harmonic ratio 5 : 6, viz., 25 : 36. 

For, because the ratio of the diverging movements of Jupiter and Mars had 
to be 243 : 2,048, 7.e., 729 : 6,144, by the preceding proposition, but that of the 
converging movements 5 : 24, 7.e., 1,280 : 6,144 (by Proposition x11), therefore 
the compound of the private ratios of both was necessarily 729 : 1,280 or 72,900 : 
128,000. But the private ratio of Jupiter alone had to be 6,561 : 8,000, 7.e., 
104,976 : 128,000 (by Proposition xxvi11). Therefore, if the compound ratio of 
both is divided by this, the private ratio of Mars will be left as 72,900 : 104,976, 
1.€., 25 : 36, the square root of which is 5: 6. 

In another fashion, as follows: There is 1 : 32 or 120: 3,840 from the aphelial 
movement of Saturn to the aphelial movement of the Earth, but from that 
same movement to the perihelial of Jupiter there is 1 : 3 or 120 : 360, with its 
increment. But from this to the aphelial movement of Mars is 5 : 24 or 360: 
1,728. Accordingly, from the aphelial movement of Mars to the aphelial move- 

1Timaeus, 36. 
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ment of the Earth, there remains 1,728 :3,840 minus the increment of the ratio 
of the diverging movements of Saturn and Jupiter. But from the same aphelial 
movement of the Earth to the perihelial of Mars there is 3 : 2, 7.e., 3,840 : 2,500. 
Therefore between the aphelial and perihelial movements of Mars there remains 
the ratio 1,728 : 2,560, 7.e., 27 : 40 or 81 : 120, minus the said increment. But 
81: 120 is a comma less than 80 : 120 or 2: 3. Therefore, if a comma is taken 
away from 2 : 3, and the said increment (which by Proposition xxxvitr is equal 
to the private ratio of Venus) is taken away too, the private ratio of Mars is 
left. But the private ratio of Venus is the diesis diminished by a comma, by 
Proposition xxvi. But the comma and the diesis diminished by a comma make 
a full diesis or 24 : 25. Therefore if you divide 2 : 3, 7.e., 24 : 36 by the diesis 
24 : 25, Mars’ private ratio of 25 : 36 is left, as before, the square root of which, 
or 5: 6, goes to the intervals, by Chapter 3. 

Behold again the reason why—above, in Chapter 4—the extreme intervals of 
Mars have been found to embrace the harmonic ratio 5: 6. 

XLII. Proposition. The great ratio of Mars and the Earth, or the common ratio 
of the diverging movements, has been necessarily made to be 54 : 125, smaller than 
the consonance 5 : 12 established by the prior reasons. 

For the private ratio of Mars had to be a perfect fifth, from which a diesis 
has been taken away, by the preceding proposition. But the common or minor 
ratio of the converging movements of Mars and the Earth had to be a perfect 
fifth or 2:3, by Proposition xv. Finally, the private ratio of the Earth is the 
diesis squared, from which a comma is taken away, by Propositions xxv1 and 
XxvilI. But out of these elements is compounded the major ratio or that of the 
diverging movements of Mars and the Earth—and it is two perfect fifths (or 
4:9, 2.e., 108 : 243) plus a diesis diminished by a comma, 7.e., plus 243 : 250; 
namely, it is 108 : 250 or 54: 125, 2.e., 608 : 1,500. But this is smaller than 
625 : 1,500, z.e., than 5 : 12, in the ratio 602 : 625, which is approximately 36 : 37, 
smaller than 625 : 1,500, z.e., than 5 : 12, in the ratio 602 : 625, which is approxi- 
mately 36 : 37, smaller than the least concord. 

XLII. Propvosirion. The aphelital movement of Mars could not harmonize in 
some universal consonance; nevertheless it was necessary for it to be in concord to 
some extent in the scale of the minor mode. 

For, because the perihelial movement of Jupiter has the pitch d of acute 
tuning in the minor mode, and the consonance 5: 24 ought to have existed 
between that and the aphelial movement of Mars, therefore, the aphelial move- 
ment of Mars occupies the adulterine pitch of the same acute tuning. I say 
adulterine for, although in Book.111, Chapter 12, the adulterine consonances 
were reviewed and deduced from the composition of systems, certain ones 
which exist in the simple natural system were omitted. [314] And so, after the 
line which ends 81 : 120, the reader may add: if you divide into it 4 : 5 or 32 : 40, 
there remains 27 : 32,thesubminor sixth,! which exists between d and f or cand e? 
or a and c of even the simple octave. And in the ensuing table, the following 
should be in the first line; for 5 : 6 there is 27 : 32, which is deficient. 

From that it is clear that in the natural system the true note [clavem] f, as 
regulated by my principles, constitutes a deficient or adulterine minor sixth with 
the note d. Accordingly since between the perihelial movement of Jupiter set 


1Here ‘‘sixth’’ (sexta) should probably be “third” (tertia). E. C., Jr. 
2C and e do not produce a subminor third in the ‘‘natural system.” E. C., Jr. 
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up in the true note d and the aphelial movement of Mars there is a perfect 
minor sixth over and above the double octave, but not the diminished (by 
Proposition x111), it follows that with its aphelial movement Mars designates 
the pitch which is one comma higher than the true note f; and so it will concord 
not absolutely but merely to a certain extent in this scale. But it does not enter 
into either the pure or the adulterine universal harmony. For the perihelial 
movement of Venus occupies the pitch of e in this tuning [tenstonem]. But there 
is dissonance between e and f, on account of their nearness. Therefore, Mars is 
in discord with the perihelial movement of one of the planets, viz., Venus. But 
too it is in discord with the other movements of Venus; they are diminished by 
a comma less than a diesis: wherefore, since there is a semitone and a comma be- 
tween the perihelial movement of Venus and the aphelial movement of Mer- 
cury, accordingly, between the aphelion of Venus and the aphelion of Mars 
there will be a semitone and a diesis (neglecting the octaves), 7.e., a minor whole 
tone, which is still a dissonant interval. Now the aphelial movement of Mars 
concords to that extent in the scale of the minor mode, but not in that of the 
major. For since the aphelial movement of Venus concords with the e of the 
major mode, while the aphelial movement of Mars (neglecting the octaves) has 
been made a minor whole tone higher than e, then necessarily the aphelial move- 
ment of Mars in this tuning would fall midway between f and f sharp and would 
make with g (which in this tuning would be occupied by the aphelial movement 
of the Earth) the plainly discordant interval 25 : 27, viz., a major whole tone 
diminished by a diesis. 

In the same way, it will be proved that the aphelial movement of Mars is also 
in discord with the movements of the Earth. For because it makes a semitone 
and comma with the perihelial movement of Venus, 7.e., 14:15 (by what has 
been said), but the perihelial movements of the Earth and Venus make a minor 
sixth 5:8 or 15: 24 (by Proposition xxvir). Accordingly, the aphelial move- 
ment of Mars together with the perihelial movement of the Earth (the octaves 
added to it) will make 14 : 24 or 7 : 12, a discordant interval and one not har- 
monic, like 7 : 6. For any interval between 5 : 6 and 8 : 9 is dissonant and dis- 
cordant, as 6 : 7 in this case. But no other movement of the Earth can harmo- 
nize with the aphelial movement of Mars. For it was said above that it makes the 
discordant interval 25 : 27 with the Earth (neglecting the octaves) ; but all from 
6:7 or 24 : 28 to 25 : 27 are smaller than the least harmonic interval. 

XLIV. Corouuary. Accordingly it is clear from the above Proposition XLIII 
concerning Jupiter and Mars, and from Proposition XX XIX concerning Saturn 
and Jupiter, and from Proposition XX X VI concerning Jupiter and the Earth, and 
from Proposition XX XII concerning Saturn, why—in Chapter 5, above—it was 
found thai all the extreme movements of the planets had not been adjusted perfectly 
to one natural system or musical scale, and that all those which had been adjusted 
to a system of the same tuning did not distinguish the pitches [loca] of that system 
in a natural way or effect a purely natural succession of concordant intervals. For 
the reasons are prior whereby the single planets came into possession of their single 
consonances; those whereby all the planets, of the universal consonances; and finally, 
those whereby the universal consonances of the two modes, the major and the minor: 
when all those have been posited, an omniform adjustment to one natural system 
is prevented. But if those causes had not necessarily come first, there is no doubt that 
either one system and one tuning of it would have embraced the extreme movements 
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of all the planets; or, if there was need of two systems for the two modes of song, the 
major and minor, the very order of the natural scale would have been expressed not 
merely in one mode, the major, but also in the remaining minor mode. Accordingly, 
here in Chapter 5, you have the promised causes of the discords through least inter- 
vals and intervals smaller than all concords. 

XLV. Proposition. [t was necessary for an interval equal to the interval of 
Venus to be added to the common major consonance of Venus and Mercury, the 
double octave, and also the private consonance of Mercury, which were established 
above in Propositions XII and XIII by the prior reasons, [315] in order that the 
private ratio of Mercury should be a perfect 5 : 12 and that thus Mercury should 
with both ts movements harmonize with the single perthelial movement of Venus. 

For, because the aphelial movement of Saturn, the highest and outmost 
planet, circumscribed around its regular solid, had to harmonize with the ap- 
helial movement of the Earth, the highest movement of the Earth, which di- 
vides the classes of figures; it follows by the laws of opposites that the perihelial 
movement of Mercury as the innermost planet, inscribed in its figure, the lowest 
and nearest to the sun, should harmonize with the perihelial movement of the 
Earth, with the lowest movement of the Earth, the common boundary: the for- 
mer in order to designate the major mode of consonances, the latter the minor 
mode, by Propositions Xxx11I and xxxIv. But the perihelial movement of Venus 
had to harmonize with the perihelial movement of the Earth in the consonance 
5:38, by Proposition xxvii; therefore too the perihelial movement of Mercury 
had to be tempered with the perihelial of Venus in one scale. But by Proposition 
xiI the consonance of the diverging movements of Venus and Mercury was de- 
termined by the prior reasons to be 1 : 4; therefore, now by these posterior rea- 
sons it was to be adjusted by the accession of the total interval of Venus. Accord- 
ingly, not from further on, from the aphelion, but from the perihelion of Venus 
to the perihelion of Mercury there is a perfect double octave. But the con- 
sonance 3:5 of the converging movements is perfect, by Proposition xv. Ac- 
cordingly if 1 : 41s divided by 3 : 5, there remains to Mercury singly the private 
ratio 5 : 12, perfect too, but not further (by Proposition xv1, through the prior 
reasons) diminished by the private ratio of Venus. 

Another reason. Just as only Saturn and Jupiter are touched nowhere on the 
outside by the dodecahedron and icosahedron wedded together, so only Mer- 
cury is untouched on the inside by these same solids, since they touch Mars on 
the inside, the Earth on both sides, and Venus on the outside. Accordingly, just 
as something equal to the private ratio of Venus has been added distributively 
to the private ratios of movements of Saturn and Jupiter, which are supported 
by the cube and tetrahedron; so now something as great was due to accede to 
the private ratio of solitary Mercury, which is comprehended by the associated 
figures of the cube and tetrahedron; because, as the octahedron, a single figure 
among the secondary figures, does the job of two among the primary, the cube 
and tetrahedron (concerning which see Chapter 1), so too among the lower 
planets there is one Mercury in place of two of the upper planets, v7z., Saturn 
and Jupiter. 

Thirdly, just as the aphelial movement of the highest planet Saturn had to 
harmonize, in some number of octaves, 7.e., in the continued double ratio, 1 : 32, 
with the aphelial movement of the higher and nearer of the two planets which 
shift the mode of consonance (by Proposition xxx1) ; so, vice versa, the perihelial 
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movement of the lowest planet Mercury, again through some number of octaves, 
z.e., in the continued double ratio, 1:4, had to harmonize with the perihelial 
movement of the lower and similarly nearer of the two planets which shift the 
mode of consonance. 

Fourthly, of the three upper planets, Saturn, Jupiter, and Mars, the single 
but extreme movements concord with the universal consonances; accordingly 
both extreme movements of the single lower planet, viz., Mercury, had to con- 
cord with the same; for the middle planets, the Earth and Venus, had to shift 
the mode of consonances, by Propositions xxx and xxxIVv. 

Finally, in the three pairs of the upper planets perfect consonances have been 
found between the converging movements, but adjusted [fermeniatae] con- 
sonances between the diverging movements and private ratios of the single 
planets; accordingly, in the two pairs of the lower planets, conversely, perfect 
consonances had to be found not between the converging movements chiefly, 
nor between the diverging, but between the movements of the same field. And 
because two perfect consonances were due to the Earth and Venus, therefore 
two perfect consonances were due to Venus and Mercury also. And the Earth 
and Venus had to receive as perfect a consonance between their aphelial move- 
ments as between their perihelial, because they had to shift the mode of their 
consonance; but Venus and Mercury, as not shifting the mode of their con- 
sonance, did not also require perfect consonances between both pairs, the 
aphelial movements and the perihelial; but there came in place of the perfect 
consonance of the aphelial movements, as being already adjusted the perfect 
consonance of the converging movements, so that just as Venus, the higher of 
the lower planets, has the least private ratio of all the private ratios of move- 
ments (by Proposition xxv1), and Mercury, the lower of the lower, has re- 
ceived the greatest ratio of all the private ratios of movements (by Proposition 
xxx), so too the private ratio of Venus should be the most imperfect of all the 
private ratios or the farthest removed from consonances, while the private ratio 
of Mercury should be most perfect of all the private ratios, z.e., an absolute 
consonance without adjustment, and that finally the relations should be every- 
where opposite. 

For He Who ts before the ages and on into the ages thus adorned the great things 
of His wisdom: nothing excessive, nothing defective, no room for any censure. How 
lovely are his works! All things, in twos, one [316] against one, none lacking its op- 
posite. He has strengthened the goods—adornment and propriety—of each and 
every one and established them in the best reasons, and who will be satiated seeing 
their glory? 

XLVI. Axiom. [f the interspacing of the solid figures between the planetary spheres 
as free and unhindered by the necessities of antecedent causes, then it ought to follow 
to perfection the proportionality of geometrical inscriptions and circumscriptions, 
and thereby the conditions of the ratio of the inscribed to the circumscribed spheres. 

For nothing is more reasonable than that physical inscription should exactly 

represent the geometrical, as the work, its pattern. 
XLVII. Proposition. Jf the inscription of the regular solids among the planets 
was free, the tetrahedron was due to touch with its angles precisely the perihelial 
sphere of Jupiter above it, and with centres of rts planes precisely the aphelial sphere 
of Mars below it. But the cube and the octahedron, each placing its angles in the peri- 
helial sphere of the planet above, were due to penetrate the sphere of the inside planet 
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with the centres of their planes, in such fashion that those centres should turn within 
the aphelial and perthelial spheres: on the other hand, the dodecahedron and icosahe- 
dron, grazing with their angles the perthelial spheres of their planets on the outside, 
were due not quite to touch with the centres of their planes the aphelial spheres of 
their inner planets. Finally, the dodecahedral echinus, placing its angles in the peri- 
helial sphere of Mars, was due to come very close to the aphelial sphere of Venus 
with the midpoints of its converted sides which interdistinguish two solid rays. 

For the tetrahedron is the middle one of the primary figures, both in genesis 
and in situation in the world; accordingly, it was due to remove equally both 
regions, that of Jupiter and that of Mars. And because the cube was above it 
and outside it, and the dodecahedron was below it and within it, therefore it 
was natural that their inscription should strive for the contrariety wherein the 
tetrahedron held a mean, and that the one of them should make an excessive 
inscription, and the other a defective, viz., the one should somewhat penetrate 
the inner sphere, the other not touch it. And because the octahedron is cognate 
to the cube and has an equal ratio of spheres, but the icosahedron to the dode- 
cahedron, accordingly, whatever the cube has of perfection of inscription, the 
same was due to the octahedron also, and whatever the dodecahedron, the same 
to the icosahedron too. And the situation of the octahedron’s similar to the situ- 
ation of the cube, but that of the icosahedron to the situation of the dodecahe- 
dron, because as the cube occupies the one limit to the outside, so the octahedron 
occupies the remaining limit to the inside of the world, but the dodecahedron 
and icosahedron are midway: accordingly even a similar inscription was proper, 
in the case of the dodecahedron, one penetrating the sphere of the inner planet, 
in that of the icosahedron, one falling short of it. 

But the echinus, which represents the icosahedron with the apexes of its angles 
and the dodecahedron with the bases, was due to fill, embrace, or dispose both 
regions, that between Mars and the Earth with the dodecahedron as well as 
that between the Earth and Venus with the icosahedron. But the preceding 
axiom makes clear which of the opposites was due to which association. For the 
tetrahedron, which has a rational inscribed sphere, has been allotted the middle 
position among the primary figures and is surrounded on both sides by figures of 
incommensurable spheres, whereof the outer is the cube, the inner the dode- 
cahedron, by Chapter 1 of this book. But this geometrical quality, viz., the 
rationality of the inscribed sphere, represents in nature the perfect inscription 
of the planetary sphere. Accordingly, the cube and its allied figure have their 
inscribed spheres rational only in square, 1.e., in power alone; accordingly, they 
ought to represent a semiperfect inscription, where, even if not the extremity of 
the planetary sphere, yet at least something on the inside and rightfully a mean 
between the aphelial and perihelial spheres—if that is possible through other 
reasons—is touched by the centres of the planes of the figures. On the other 
hand, the dodecahedron and its allied figure have their inscribed spheres clearly 
irrational both in the length of the radius and in the square; accordingly, they 
ought to represent a clearly imperfect inscription and one touching absolutely 
nothing of the planetary sphere, 7.e., falling short and not reaching as far as the 
aphelial sphere of the planet with the centres of its planes. 

Although the echinus is cognate to the dodecahedron and its allied figure, 
nevertheless it has a property similar to the tetrahedron. For the radius of the 
sphere inscribed in its inverted sides is indeed incommensurable with the radius 
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of the circumscribed sphere, but it is, however, commensurable with the length 
of the distance between two neighbouring angles. And so the perfection of the 
commensurability of rays is approximately as great as in the tetrahedron; but 
elsewhere the imperfection is as great as in the [317] dodecahedron and its allied 
figure. Accordingly it is reasonable too that the physical inscription belonging 
to it should be neither absolutely tetrahedral nor absolutely dodecahedral but 
of an intermediate kind; in order that (because the tetrahedron was due to touch 
the extremity of the sphere with its planes, and the dodecahedron, to fall short 
of it by a definite interval) this wedge-shaped figure with the inverted sides 
should stand between the icosahedral space and the extremity of the inscribed 
sphere and should nearly touch this extremity—if nevertheless this figure was 
to be admitted into association with the remaining five, and if its laws could be 
allowed, with the laws of the others remaining. Nay, why do I say “‘could be 
allowed’? For they could not do without them. For if an inscription, which was 
loose and did not come into contact fitted the dodecahedron, what else could 
confine that indefinite looseness within the limits of a fixed magnitude, except 
this subsidiary figure cognate to the dodecahedron and icosahedron, and which 
comes almost into contact with its inscribed sphere and does not fall short (if 
indeed it does fall short) any more than the tetrahedron exceeds and penetrates 
—with which magnitude we shall deal in the following. 

This reason for the association of the echinus with the two cognate figures 
(viz., in order that the ratio of the spheres of Mars and Venus, which they had 
left indefinite, should be made determinate) is rendered very probable by the 
fact that 1,000, the semidiameter of the sphere of the Earth, is found to be 
practically a mean proportional between the perihelial sphere of Mars and the 
aphelial sphere of Venus; as if the interval, which the echinus assigns to the 
cognate figures, has been divided between them as proportionally as possible. 
XLVIII. Proposition. The inscription of the regular solid figures between the 
planetary spheres was not the work of pure freedom, for with respect to very small 
magnitudes 1t was hindered by the consonances established between the extreme 
movements. 

For, by Axioms I and 1, the ratio of the spheres of each figure was not due to 
be expressed immediately by itself, but by means of it the consonances most 
akin to the ratios of the spheres were first to be sought and adjusted to the 
extreme movements. 

Then, in order that, by Axioms xvilI and xx, the universal consonances of 
the two modes could exist, it was necessary for the greater consonances of the 
single pairs to be readjusted somewhat, by means of the posterior reasons. Ac- 
cordingly, in order that those things might stand, and be maintained by their 
own reasons, intervals were required which are somewhat discordant with those 
which arise from the perfect inscription of figures between the spheres, by the 
laws of movements unfolded in Chapter 3. In order that it be proved and made 
manifest how much is taken away from the single planets by the consonances 
established by their proper reasons; come, let us build up, out of them, the in- 
tervals of the planets from the sun, by a new form of calculation not previously 
tried by anyone. 

Now there will be three heads to this inquiry: First, from the two extreme 
movements of each planet the similar extreme intervals between it and the sun 
will be investigated, and by means of them the radius of the sphere in those di-- 
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mensions, of the extreme intervals, which are proper to each planet. Secondly, 
by means of the same extreme movements, in the same dimensions for all, the 
mean movements and their ratio will be investigated. Thirdly, by means of the 
ratio of the mean movements already disclosed, the ratio of the spheres or mean 
intervals and also one ratio of the extreme intervals, will be investigated; and 
the ratio of the mean intervals will be compared with the ratios of the figures. 
As regards the first: we must repeat, from Chapter 3, Article v1, that the 
ratio of the extreme movements is the inverse square of the ratio of the corre- 
sponding intervals from the sun. Accordingly, since the ratio of the squares is 
the square of the ratio of its sides, therefore, the numbers, whereby the extreme 
movements of the single planets are expressed, will be considered as squares 
and the extraction of their roots wili give the extreme intervals, whereof it is 
easy to take the arithmetic mean as the semidiameter of the sphere and the ec- 
centricity. Accordingly the consonances so far established have prescribed: 


In dimensions 
whereof the 
The roots either | Therefore the semidiameter 
Ratios of prolonged or of | semidiameter| Eccen- | of the sphere 
(318]Planets Props.| movements their multiples | of the sphere | tricity 7s 100,000 


Saturn by xxXxXVIII 64 : 81 80 : 90 85 5 5,882 
Jupiter by xxxvu11 | 6,561 : 8,000 | 81,000 : 89,444 85,222 4,222 4,954 
Mars by XLI 20 336 50 : 60 59 4) 9,091 
Earth by xxvir1 | 2,916 : 3,125 | 93,531 : 96,825) 95,178 1,647 1,730 
Venus by xxvitI | 243 : 250 9,859 : 10,000 99,295 705 710 


Mercury by XLV 5 \d2 63,250 : 98,000 80,625 17,375 21,551 


For the second of the things proposed, we again have need of Chapter 3, 
Article xu, where it was shown that the number which expresses the movement 
which is as a mean in the ratio of the extremes is less than their arithmetic mean, 
also less than the geometric mean by half the difference between the geometric 
and arithmetic means. And because we are investigating all the mean move- 
ments in the same dimensions, therefore let all the ratios hitherto established 
between different twos and also all the private ratios of the single planets be set 
out in the measure of the least common divisible. Then let the means be sought: 
the arithmetic, by taking half the difference between the extreme movements 
of each planet, the geometric, by the multiplication of one extreme into the 
other and extracting the square root of the product; then by subtracting half the 
difference of the means from the geometric mean, let the number of the mean 
movement be constituted in the private dimensions of each planet, which can 
easily, by. the rule of ratios, be converted into the common dimensions. 

[319] Therefore, from the prescribed consonances, the ratio of the mean 
diurnal movements has been found, viz., the ratio between the numbers of the 
degrees and minutes of each planet. It is easy to explore how closely that ap- 
proaches to astronomy. 
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Private Number of the mean 
Numbers ratios | Continued means of | Halves movement in 
Harmonic of the of the the single planets of the dimensions 
ratios extreme single differ- 
of two movements planets; Arithmetic Geometric | ence Private Common 
il bh 139,968 64 
72.50 72.00 320) 71.75 156,917 
1 b 177,147 
2 I 354,294 | 6,561 
7,280.5 7,244.9 | 17.8 tyeed 390,263 
5 2 432,000 | 8,000 
124. | & 2,073,600] 25 
30.50 30.00 a20 29.75 2,467,584 
a o' 2,985,984 36 
[32 |3 & 4,478,976 |2,916 
3,020.500 3,018.692 904 | 3,017.788 4,635,322 
6 4,800,000 | 3,125 ; 
5 18! Q@ 7,464,960} 2438 
246.500 246.475 0125 | 246.4625 7,571,328 
fl ; Q 7,680,000 | 250 ' 
3) 8 12,800,000 
8.500 7.746 Bik 7.369 18,864,680 
+ 8 30,720,000 12 


The third head of things proposed requires Chapter 3, Article vim1. For when 
the ratio of the mean diurnal movements of the single planets has been found, 
it is possible to find the ratio of the spheres too. For the ratio of the mean move- 
ments is the 34th power of the inverse ratio of the spheres. But, too, the ratio 
of the cube ee is the 34th power of the ratio of the squares of those same 
square roots, given in the fable of Clavius, which he subjoined to his Practical 
Geometry. Wherefore, if the numbers of our mean movements (curtailed, if need 
be, of an equal number of ciphers) are sought among the cube numbers of that 
table, they will indicate on the left, under the heading of the squares, the num- 
bers of the ratio of the spheres; then the eccentricities ascribed above to the 
single planets in the private ratio of the semidiameters of each may easily be 
converted by the rule of ratios into dimensions common to all, so that, by their 
addition to the semidiameters of the spheres and subtraction from them, the 
extreme intervals of the single planets from the sun may be established. Now 
we shall give to the semidiameter of the terrestrial sphere the round number 
100,000, as is the practice in astronomy, and with the following design: because 
this number or its square or its cube is always made up of mere ciphers; and so 
too we shall raise the mean movement of the Earth to the number 10,000,000,- 
000 and by the rule of ratios make the number of the mean movement of any 
planet be to the number of the mean movement of the Earth, as 10,000,000,000 
is to the new measurement. And so the business can be carried on with only five 
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cube roots, by comparing those single cube roots with the one number of the 
Earth. 


Numbers of the 
mean movements - 
In the new 
dimensions | Numbers of Eccentricities 
found in | the ratio of an dimensions | Extreme intervals 
inverse order | the spheres Semi- Private resulting 
Inthe original among the |foundamong| diameters as 
dimensions cubes the squares | as above | above Common| Aphelion Perihelion 
b 156,917 29,539,960 9,556 85 5 562 10,118 8,994 
1 390,263 11,877,400 5,206 85,222 4,222 258 5,464 4,948 
Oo 2,467,584 1,878,483 1,523 55 5 138 1,661 1,384 
& 4,635,322 1,000,000 1,000 95,178 1,647 EG, 1,017 ~ 983 
Q 7,571,328 612,220 i21 99,295 705 5 726 716 
8 18,864,680 245,714 392 80,625 17,375 85 476 308 


Accordingly, it is apparent in the last column what the numbers turn out to 
be whereby the converging intervals of two planets are expressed. All of them 
approach very near to those intervals, which I found from Brahe’s observations. 
In Mercury alone is there some small difference. For astronomy is seen to give 
the following intervals to it: 470, 388, 306, all shorter. It seems that the reason 
for the dissonance may be referred either to the fewness of the observations or 
to the magnitude of the eccentricity. (See Chapter 3). But I hurry on to the end 
of the calculation. 

For now it is easy to compare the ratio of the spheres of the figures with the 
ratio of the converging intervals. 

[320] For if the semidiameter of the sphere circumscribed around the figure 


Then the semidiameter of the sphere Although by the 


which is commonly or circle consonances 
100,000 becomes: inscribed in: instead of: becomes: the interval ts: 
In the cube 8,994 hb [Saturn] 5hG35 5,194 Mean A 5/206 
In the tetrahedron 4,948 2 [Jupiter] 33,333 1,649 Aphelial o 1,661 
In the dodecahedron 1,384 oc [Mars] 79,465 1,100 Aphelial 6 1,018 
In the icosahedron 983 6 [Earth] 79,465 781 <Aphelial 2 726 
In the echinus 1,384 of [Mars] bayore 728 <Aphelial 2 726 
In the octahedron 716 @ [Venus 57,735 413. Mean 8 392 
In the square in 

the octahedron 716 2 [Venus] 70,711 506 <Aphelial 8 476 

or 476 8 [Mercury] 70,711 336 ~=Perihelial 8 308 


That is to say, the planes of the cube extend down slightly below the middle 
circle of Jupiter; the octahedral planes, not quite to the middle circle of Mer- 
cury; the tetrahedral, slightly below the highest circle of Mars; the sides of the 
echinus, not quite to the highest circle of Venus; but the planes of the dodeca- 
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hedron fall far short of the aphelial circle of the Earth; the planes of the icosa- 
dron also fall short of the aphelial circle of Venus, and approximately propor- 
tionally; finally, the square in the octahedron is quite inept, and not unjustly, 
for what are plane figures doing among solids? Accordingly, you see that if the 
planetary intervals are deduced from the harmonic ratios of movements hither- 
to demonstrated, it is necessary that they turn out as great as these allow, but 
not as great as the laws of free inscription prescribed in Proposition xLv would 
require: because this xkdcyos yewpuerpixos [geometrical adornment] of perfect in- 
scription was not fully in accordance with that other xd6yov dpydrixov évdex dpevov 
[possible harmonic adornment]—to use the words of Galen, taken from the 
epigraph to this Book v. So much was to be demonstrated by the calculation of 
numbers, for the elucidation of the prescribed proposition. 

I do not hide that if I increase the consonance of the diverging movements of 
Venus and Mercury by the private ratio of the movements of Venus, and, as a 
consequence, diminish the private ratio of Mercury by the same, then by this 
process I produce the following intervals between Mercury and the sun: 469, 
388,307, which are very precisely represented by astronomy. But, in the first 
place, I cannot defend that diminishing by harmonic reasons. For the aphelial 
movement of Mercury will not square with that musical scale, nor in the planets 
which are opposite in the world is the planetary principle [ratio] of opposition 
of all conditions kept. Finally, the mean diurnal movement of Mercury becomes 
too great, and thereby the periodic time, which is the most certain fact in all 
astronomy, is shortened too much. And so I stay within the harmonic polity 
here employed and confirmed throughout the whole of Chapter 9. But none the 
less with this example I call you all forth, as many of you as have happened to 
read this book and are steeped in the mathematical disciplines and the knowl- 
edge of highest philosophy: work hard and either pluck up one of the conso- 
nances applied everywhere, interchange it with some other, and test whether or 
not you will come so near to the astronomy posited in Chapter 4, or else try by 
reasons whether or not you can build with the celestial movements something 
better and more expedient and destroy in part or in whole the layout applied 
by me. But let whatever pertains to the glory of Our Lord and Founder be 
equally permissible to you by way of this book, and up to this very hour I 
myself have taken the liberty of everywhere changing those things which I was 
able to discover on earlier days and which were the conceptions of a sluggish care 
or hurrying ardour. 

[821] XLIX. Envot. It was good that in the genests of the intervals the solid figures 
should yield to the harmonic ratios, and the major consonances of two planets to the 
universal consonances of all, in so far as this was necessary. 

With good fortune we have arrived at 49, the square of 7; so that this may 
come as a kind of Sabbath, since the six solid eights of discourse concerning the 
construction of the heavens has gone before. Moreover, I have rightly made an 
envot which could be placed first among the axioms: because God also, enjoying 
the works of His creation, “‘saw all things which He had made, and behold! they 
were very good.” 

There are two branches to the envoz: First, there is a demonstration concern- 
ing consonances in general, as follows: For where there is choice among different 
things which are not of equal weight, there the more excellent are to be put first 
and the more vile are to be detracted from, in so far as that is necessary, as the 
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very word 6 xé6pos, which signifies adornment, seems to argue. But inasmuch ag 
life is more excellent than the body, the form than the material, by so much 
does harmonic adornment excel the geometrical. 

For as life perfects the bodies of animate things, because they have been 
born for the exercise of life—as follows from the archetype of the world, which 
is the divine essence—so movement measures the regions assigned to the 
planets, each that of its own planet: because that region was assigned to the 
planet in order that it should move. But the five regular solids, by their very 
name, pertain to the intervals of the regions and to the number of them and the 
bodies; but the consonances to the movements. Again, as matter is diffuse and 
indefinite of itself, the form definite, unified, and determinant of the material, so 
too there are an infinite number of geometric ratios, but few consonances. For 
although among the geometrical ratios there are definite degrees of determina- 
tions, formation, and restriction, and no more than three can exist from the 
ascription of spheres to the regular solids; but nevertheless an accident common 
to all the rest follows upon even these geometrical ratios: an infinite possible 
section of magnitudes is presupposed, which those ratios whose terms are mu- 
tually incommensurable somehow involve in actuality too. But the harmonic 
ratios are all rational, the terms of all are commensurable and are taken from a 
definite and finite species of plane figures. But infinity of section represents the 
material, while commensurability or rationality of terms represents the form. 
Accordingly, as material desires the form, as the rough-hewn stone, of a just 
magnitude indeed, the form of a human body, so the geometric ratios of figures 
desire the consonances—not in order to fashion and form those consonances, 
but because this material squares better with this form, this quantity of stone 
with this statue, even this ratio of regular solids with this consonance—there- 
fore in order so that they are fashioned and formed more fully, the material by 
its form, the stone by the chisel into the form of an animate being; but the ratio 
of the spheres of the figure by its own, 2.e., the near and fitting, consonance. 

The things which have been said up to now will become clearer from the his- 
tory of my discoveries. Since I had fallen into this speculation twenty-four years 
ago, I first inquired whether the single planetary spheres are equal distances 
apart from one another (for the spheres are apart in Copernicus, and do not 
touch one another), that is to say, I recognized nothing more beautiful than the 
ratio of equality. But this ratio is without head or tail: for this material equality 
furnished no definite number of mobile bodies, no definite magnitude for the in- 
tervals. Accordingly, I meditated upon the similarity of the intervals to the 
spheres, 7.e., upon the proportionality. But the same complaint followed. For 
although to be sure, intervals which were altogether unequal were produced be- 
tween the spheres, yet they were not unequally equal, as Copernicus wishes, and 
neither the magnitude of the ratio nor the number of the spheres was given. I 
passed on to the regular plane figures: [322] intervals were formed from them by 
the ascription of circles. I came to the five regular solids: here both the number 
of the bodies and approximately the true magnitude of the intervals was dis- 
closed, in such fashion that I summoned to the perfection of astronomy the dis- 
crepancies remaining over and above. Astronomy was perfect these twenty 
years; and behold! there was still a discrepancy between the intervals and the 
regular solids, and the reasons for the distribution of unequal eccentricities 
among the planets were not disclosed. That is to say, in this house the world, I 
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was asking not only why stones of a more elegant form but also what form 
would fit the stones, in my ignorance that the Sculptor had fashioned them in 
the very articulate image of an animated body. So, gradually, especially during 
these last three years, I came to the consonances and abandoned the regular 
solids in respect to minima, both because the consonances stood on the side of 
the form which the finishing touch would give, and the regular solids, on that 
of the material—which in the world is the number of bodies and the rough-hewn 
amplitude of the intervals—and also because the consonances gave the eccen- 
tricities, which the regular solids did not even promise—that is to say, the con- 
sonances made the nose, eyes, and remaining limbs a part of the statue, for 
which the regular solids had prescribed merely the outward magnitude of the 
rough-hewn mass. 

Wherefore, just as neither the bodies of animate beings are made nor blocks 
of stone are usually made after the pure rule of some geometrical figure, but 
something is taken away from the outward spherical figure, however elegant it 
may be (although the just magnitude of the bulk remains), so that the body may 
be able to get the organs necessary for life, and the stone the image of the ani- 
mate being; so too as the ratio which the regular solids had been going to pre- 
scribe for the planetary spheres is inferior and looks only towards the body and 
material, it has to yield to the consonances, in so far as that was necessary in 
order for the consonances to be able to stand closely by and adorn the move- 
ment of the globes. 

The other branch of the envoz, which concerns universal consonances, has a 
proof closely related to the first. (As a matter of fact, it was in part assumed 
above, in xvi1I, among the Axioms.) For the finishing touch of perfection, as it 
were, is due rather to that which perfects the world more; and conversely that 
thing which occupies a second position is to be detracted from, if either is to be 
detracted from. But the universal harmony of all perfects the world more than 
the single twin consonances of different neighbouring twos. For harmony is a 
certain ratio of unity; accordingly the planets are more united, if they all are in 
concord together in one harmony, than if each two concord separately in two 
consonances. Wherefore, in the conflict of both, either one of the two single con- 
sonances of two planets was due to yield, so that the universal harmonies of all 
could stand. But the greater consonances, those of the diverging movements, 
were due to yield rather than the lesser, those of the converging movements. 
For if the divergent movements diverge, then they look not towards the planets 
of the given pair but towards other neighbouring planets, and if the converging 
movements converge, then the movements of one planet are converging toward 
the movement of the other, conversely: for example, in the pair Jupiter and 
Mars the aphelial movement of Jupiter verges toward Saturn, the perihelial of 
Mars towards the Earth: but the perihelial movement of Jupiter verges toward 
Mars, the aphelial of Mars toward Jupiter. Accordingly the consonance of the 
converging movements is more proper to Jupiter and Mars; the consonance of 
the diverging movements is somehow more foreign to Jupiter and Mars. But 
the ratio of union which brings together neighbouring planets by twos and twos 
is less disturbed if the consonance which is more foreign and more removed from 
them should be adjusted than if the private ratio should be, v7z., the one which 
exists between the more neighbouring movements of neighbouring planets. 
None the less this adjustment was not very great. For the proportionality has 
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been found in which may stand the universal consonances of all the planets may 
exist (and these in two distinct modes), and in which (with a certain latitude of 
tuning merely equal to a comma) may also be embraced the single consonances 
of two neighbouring planets; the consonances of the converging movements in 
four pairs, perfect, of the aphelial movements in one pair, of the perihelial move- 
ments in two pairs, likewise perfect; the consonances of the diverging move- 
ments in four pairs, these, however, within the difference of one diesis (the very 
small interval by which the human voice [323] in figured song nearly always 
errs; the single consonance of Jupiter and Mars, this between the diesis and the 
semitone. Accordingly it is apparent that this mutual yielding is everywhere 
very good. 

Accordingly let this do for our envot concerning the work of God the Creator. 
It now remains that at last, with my eyes and hands removed from the tablet of 
demonstrations and lifted up towards the heavens, I should pray, devout and 
supplicating, to the Father of lights: O Thou Who dost by the light of nature pro- 
mote in us the destre for the light of grace, that by tts means Thou mayest transport 
us into the light of glory, I give thanks to Thee, O Lord Creator, Whe hast delighted 
me with Thy makings and in the works of Thy hands have I exulted. Behold! now, I 
have completed the work of my profession, having employed as much power of mind 
as Thou didst give to me; to the men who are going to read those demonstrations I 
have made manifest the glory of Thy works, as much of its infinity as the narrows of 
my intellect could apprehend. My mind has been given over to philosophizing most 
correctly: uf there 1s anything unworthy of Thy designs brought forth by me—a worm 
born and nourished in a wallowing place of sins—breathe into me also that which 
Thou dost wish men to know, that I may make the correction: If [ have been allured 
into rashness by the wonderful beauty of Thy works, or «f I have loved my own glory 
among men, while I am advancing in the work destined for Thy glory, be gentle and 
merciful and pardon me; and finally deign graciously to effect that these demonstra- 
tions give way to Thy glory and the salvation of souls and nowhere be an obstacle to 
that. 


10. EpILoGuE CONCERNING THE SUN, BY WAY OF CONJECTURE! 


From the celestial music to the hearer, from the Muses to Apollo the leader 
of the Dance, from the six planets revolving and making consonances to the Sun 
at the centre of all the circuits, immovable in place but rotating into itself. For 
although the harmony is most absolute between the extreme planetary move- 
ments, not with respect to the true speeds through the ether but with respect to 
the angles which are formed by joining with the centre of the sun the termini of 
the diurnal ares of the planetary orbits; while the harmony does not adorn the 
termini, 7.e., the single movements, in so far as they are considered in themselves 
but only in so far as by being taken together and compared with one another, 
they become the object of some mind; and although no object is ordained in 
vain, without the existence of some thing which may be moved by it, while 
those angles seem to presuppose some action similar to our eyesight or at least 
to that sense-perception whereby, in Book tv, the sublunary nature perceived 
the angles of rays formed by the planets on the Earth: still it is not easy for 
dwellers on the Earth to conjecture what sort of sight is present in the sun, 
what eyes there are, or what other instinct there is for perceiving those angles 

1See Kepler’s commentary on this epilogue in the Epitome, page 850-51. 
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even without eyes and for evaluating the harmonies of the movements entering 
into the antechamber of the mind by whatever doorway, and finally what mind 
there is in the sun. None the less, however those things may be, this composi- 
tion of the six primary spheres around the sun, cherishing it with their per- 
petual revolutions and as it were adoring it (Just as, separately, four moons ac- 
company the globe of Jupiter, two Saturn, but a single moon by its circuit en- 
compasses, cherishes, fosters the Karth and us its inhabitants, and ministers to 
us) and this special business of the harmonies, which is a most clear footprint 
of the highest providence over solar affairs, now being added to that considera- 
tion, [324] wrings from me the following confession: not only does light go out 
from the sun into the whole world, as from the focus or eye of the world, as life 
and heat from the heart, as every movement from the King and mover, but con- 
versely also by royal law these returns, so to speak, of every lovely harmony are 
collected in the sun from every province in the world, nay, the forms of move- 
ments by twos flow together and are bound into one harmony by the work of 
some mind, and are as it were coined money from silver and gold bullion; finally, 
the curia, palace, and praetorium or throne-room of the whole realm of nature 
are in the sun, whatsoever chancellors, palatines, prefects the Creator has given 
to nature: for them, whether created immediately from the beginning or to be 
transported hither at some time, has He made ready those seats. For even this 
terrestrial adornment, with respect to its principal part, for quite a long while 
lacked the contemplators and enjoyers, for whom however it had been ap- 
pointed; and those seats were empty. Accordingly the reflection struck my 
mind, what did the ancient Pythagoreans in Aristotle mean, who used to call 
the centre of the world (which they referred to as the “‘fire’”’ but understood by 
that the sun) “the watchtower of Jupiter,” Acos ¢vAaxjv; what, likewise, was 
the ancient interpreter pondering in his mind when he rendered the verse of 
the Psalm as: ‘“‘He has placed His tabernacle in the sun.” 

But also I have recently fallen upon the hymn of Proclus the Platonic philoso- 
pher (of whom there has been much mention in the preceding books), which 
was composed to the Sun and filled full with venerable mysteries, if you excise 
that one xd (hear me) from it; although the ancient interpreter already cited 
has explained this to some extent, viz., in invoking the sun, he understands Him 
Who has placed His tabernacle in the sun. For Proclus lived at a time in which 
it was a crime, for which the rulers of the world and the people itself inflicted all 
punishments, to profess Jesus of Nazareth, God Our Savior, and to contemn the 
gods of the pagan poets (under Constantine, Maxentius, and Julian the Apos- 
tate). Accordingly Proclus, who from his Platonic philosophy indeed, by the 
natural light of the mind, had caught a distant glimpse of the Son of God, that 
true light which lighteth every man coming into this world, and who already 
knew that divinity must never be sought with a superstitious mob in sensible 
things, nevertheless perferred to seem to look for God in the sun rather than 
in Christ a sensible man, in order that at the same time he might both deceive 
the pagans by honoring verbally the Titan of the poets and devote himself to 
his philosophy, by drawing away both the pagans and the Christians from sen- 
sible beings, the pagans from the visible sun, the Christians from the Son of 
Mary, because, trusting too much to the natural light of reason, he spit out 
the mystery of the Incarnation; and finally that at the same time he might take 
over from them and adopt into his own philosophy whatever the Christians 
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had which was most divine and especially consonant with Platonic philosophy. ! 
And so the accusation of the teaching of the Gospel concerning Christ is laid 
against this hymn of Proclus, in its own matters: let that Titan keep as his 
private possessions xptca jvia [golden reins] and rapretuy paods, pecoarinv, aibepos 
edpnv, Koduov Kpad.atov eprpeyyew xuxdov [a treasury of light, a seat at the midpart 
of the ether, a radiant circle at the heart of the world], which visible aspect 
Copernicus too bestows upon him; let him even keep his radwvocrods dudpeis 
[cyclical chariot-drivings], although according to the ancient Pythagoreans he 
does not possess them but in their place 76 xevrpov, Avs gvdaxny [the centre, the 
watchtower of Zeus|—which doctrine, misshapen by the forgetfulness of ages, 
as by a flood, was not recognized by their follower Proclus; let him also keep 
his yeveO\qv BXaorncacay [offspring born] of himself, and whatever else is of 
nature; in turn, let the philosophy of Proclus yield to Christian doctrines, [325] 
let the sensible sun yield to the Son of Mary, the Son of God, Whom Proclus 
addresses under the name of the Titan, Cwapxeds, & dva, rnyis airos exwv KrAHda: 
[O lord, who dost hold the key of the life-supporting spring], and that r@vra refs 
érdjnoas édepotvooto mpoverys [thou didst fulfill all things with thy mind-awakening 
foresight], and that immense power over the poipdwy [fates], and things which 
were read of in no philosophy before the promulgation of the Gospel*, the 
demons dreading him as their threatening scourge, the demons lying in ambush 
for souls, d¢pa iditevods Nafotvro warps mepipeyyeos avAns [in order that they 
might escape the notice of the light-filled hall of the lofty father]; and who 
except the Word of the Father is that eixay rayyever do eod, ob devros a’ &ppntov 
yeveTipos TabvaaTo GToLxElwy Spunaydos em &AAnAOto idyvTwy [image of the all-beget- 
ting father, upon whose manifestation from an ineffable mother the sin of the ele- 
ments changing into one another ceased], according to the following: The Earth 
was unwrought and a chaotic mass, and darkness was upon the face of the abyss, 
and God divided the light from the darkness, the waters from the waters, the sea from 
the dry land; and: all things were made by the very Word. Who except Jesus of 
Nazareth the Son of God, puxav dvaywyets [the shepherd of souls], towhom txeouy 
modvoaxpvos [the prayer of a tearful suppliant] is to be offered, in order that He 
cleanse us from sins and wash us of the filth rns yevebAns [of generation]—as if 
Proclus acknowledged the fomes of original sin—and guard us from punish- 
ment and evil, rpnurwr Odor dupe dixjs [by making mild the quick eye of justice], 
namely, the wrath of the Father? And the other things we read of, which 
are as it were taken from the hymn of Zacharias (or, accordingly, was that 
hymn a part of the Jfetroace?) Axdvi drockeddoas ddeciuBporov lodoxebror 
[dispersing the poisonous, man-destroying mist], vz., in order that He may 
give to souls living in darkness and the shadows of death the ¢dos ayvav 
(holy light] and é\f6v dorupedtkrov dm’ evoeBivepareins [unshaken happiness from 

1Jt was the judgment of the ancients concerning his book Metroace that in it he set forth, 
not without divine rapture, his universal doctrine concerning God; and by the frequent tears 
of the author apparent in it all suspicion was removed from the hearers. None the less this 
same man wrote against the Christians eighteen epichiremata, to which John Philoponus op- 
posed himself, reproaching Proclus with ignorance of Greek thought, which none the less he 
had undertaken to defend. That is to say, Proclus concealed those things which did not make 
for his own philosophy. 

2Nevertheless in Suidas some similar things are attributed to ancient Orpheus, nearly 


equal to Moses, as if his pupil; see too the hymns of Orpheus, on which Proclus wrote com- 
mentaries. 
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lovely piety]; for that is to serve God in holiness and justice all our days. 

Accordingly, let us separate out these and similar things and restore them to 
the doctrine of the Catholic Church to which they belong. But let us see what 
the principal reason is why there has been mention made of the hymn. For this 
same sun which tyobev apyvins pdua mdoddorov étorebe [sluices the rich flow of 
harmony from on high]—so too Orpheus kécyov Tov évapyornov dpdyov é\xkwv [mak- 
ing move the harmonious course of the world]—the same, concerning whose 
stock Phoebus about to rise xiOaph bird OéoxeXa pedtdv eivate peya Kdua 
Bapvpro.cBoto yevefdjs [sings marvellous things on his lyre and lulls to sleep 
the heavy-sounding surge of generation] and in whose dance Paean is the part- 
ner, tAjcas appovins Tavannpovos ebpex xoouv [striking the wide sweep of inno- 
cent harmony]—him, I say, does Proclus at once salute in the first verse of 
the hymn as zipos voepod Bacidéa [king of intellectual fire]. By that commence- 
ment, at the same time, he indicates what the Pythagoreans understood by the 
word of fire (so that it is surprising that the pupil should disagree with the 
masters in the position of the centre) and at the same time he transfers his whole 
hymn from the body of the sun and its quality and light, which are sensibles, 
to the intelligibles, and he has assigned to that rip voepés [intellectual fire] of 
his—perhaps the artisan fire of the Stoics—to that created God of Plato, that 
chief or self-ruling mind, a royal throne in the solar body, confounding into 
one the creature and Him through Whom all things have been created. But 
we Christians, who have been taught to make better distinctions, know that 
this eternal and uncreated ‘‘Word,’’ Which was “with God” and Which is 
contained by no abode, although He is within all things, excluded by none, 
although He is outside of all things, took up into unity of person flesh out 
of the womb of the most glorious Virgin Mary, and, when the ministry of His 
flesh was finished, occupied as His royal abode the heavens, wherein by a cer- 
tain excellence over and above the other parts of the world, viz., through His 
glory and majesty, His celestial Father too is recognized to dwell, and has also 
promised to His faithful, mansions in that house of His Father: as for the re- 
mainder concerning that abode, we believe it superfluous to inquire into it too 
curiously or to forbid the senses or natural reasons to investigate that which the 
eye has not seen nor the ear heard and into which the heart of man has not 
ascended ; but we duly subordinate the created mind—of whatsoever excellence 
it may be—to its Creator, and we introduce neither God-intelligences with 
Aristotle and the pagan philosophers nor armies of innumerable planetary 
spirits with the Magi, nor do we propose that they are either to be adored or 
summoned to intercourse with us by theurgic superstitions, for we have a care- 
ful fear of that; but we freely inquire by natural reasons what sort of thing 
each mind is, especially if in the heart of the world [3826] there is any mind 
bound rather closely to the nature of things and performing the function of the 
soul of the world—or if also some intelligent creatures, of a nature different 
from human perchance do inhabit or will inhabit the globe thus animated (see 
my book on the New Star, Chapter 24, ‘On the Soul of the World and Some of 
Its Functions’). But if it is permissible, using the thread of analogy as a guide, 
to traverse the labyrinths of the mysteries of nature, not ineptly, I think, will 
someone have argued as follows: The relation of the six spheres to their common 
centre, thereby the centre of the whole world, is also the same as that of é:avola 
[discussive intellection] to voids [intuitive intellection], according as these facul- 
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ties are distinguished by Aristotle, Plato, Proclus, and the rest; and the relation 
of the single planets’ revolutions in place around the sun to the dyerdbedsov 
[unvarying] rotation of the sun in the central space of the whole system (con- 
cerning which the sun-spots are evidence; this has been demonstrated in the 
Commentaries on the Movement of Mars) is the same as the relation of r6 
duavonriov to 76 voepdv, that of the manifold discourses of ratiocination to the 
most simple intellection of the mind. For as the sun rotating into itself moves all 
the planets by means of the form emitted from itself, so too—as the philosophers 
teach—mind, by understanding itself and in itself all things, stirs up ratiocina- 
tions, and by dispersing and unrolling its simplicity into them, makes every- 
thing to be understood. And the movements of the planets around the sun at 
their centre and the discourses of ratiocinations are so interwoven and bound 
together that, unless the Earth, our domicile, measured out the annual circle, 
midway between the other spheres—changing from place to place, from station 
to station—never would human ratiocination have worked its way to the true 
intervals of the planets and to the other things dependent from them, never 
would it have constituted astronomy. (See the Optical Pari of Astronomy, 
Chapter 9.) 

On the other hand, in a beautiful correspondence, simplicity of intellection 
follows upon the stillness of the sun at the centre of the world, in that hitherto 
we have always worked under the assumption that those solar harmonies of 
movements are defined neither by the diversity of regions nor by the amplitude 
of the expanses of the world. As a matter of fact, if any mind observes from the 
sun those harmonies, that mind is without the assistance afforded by the move- 
ment and diverse stations of his abode, by means of which it may string together 
ratiocinations and discourse necessary for measuring out the planetary intervals. 
Accordingly, it compares the diurnal movements of each planet, not as they are 
in their own orbits but as they pass through the angles at the centre of the sun. 
And so if it has knowledge of the magnitude of the spheres, this knowledge must 
be present in it a priori, without any toil of ratiocination: but to what extent 
that is true of human minds and of sublunary nature has been made clear above, 
from Plato and Proclus. 

Under these circumstances, it will not have been surprising if anyone who 
has been thoroughly warmed by taking a fairly liberal draft from that bow] of 
Pythagoras which Proclus gives to drink from in the very first verse of the hymn, 
and who has been made drowsy by the very sweet harmony of the dance of the 
planets begins to dream (by telling a story he may imitate Plato’s Atlantis and, 
by dreaming, Cicero’s Scipio): throughout the remaining globes, which follow 
after from place to place, there have been disseminated discursive or ratiocina- 
tive faculties, whereof that one ought assuredly to be judged the most excellent 
and absolute which is in the middle position among those globes, v2z., in man’s 
earth, while there dwells in the sun simple intellect, rip voepdy, or vods, the 
source, whatsoever it may be, of every harmony. 

For if it was Tycho Brahe’s opinion concerning that bare wilderness of globes 
that it does not exist fruitlessly in the world but is filled with inhabitants: with 
how much greater probability shall we make a conjecture as to God’s works and 
designs even for the other globes, from that variety which we discern in this 
globe of the Earth. For He Who created the species which should inhabit the 
waters, beneath which however there is no room for the air [327] which living 
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things draw in; Who sent birds supported on wings into the wilderness of the 
air; Who gave white bears and white wolves to the snowy regions of the North, 
and as food for the bears the whale, and for the wolves, birds’ eggs; Who gave 
lions to the deserts of burning Libya and camels to the wide-spread plains of 
Syria, and to the lions an endurance of hunger, and to the camels an endurance 
of thirst: did He use up every art in the globe of the Earth so that He was un- 
able, every goodness so that he did not wish, to adorn the other globes too with 
their fitting creatures, as either the long or short revolutions, or the nearness 
or removal of the sun, or the variety of eccentricities or the shine or darkness 
of the bodies, or the properties of the figures wherewith any region is supported 
persuaded? 

Behold, as the generations of animals in this terrestrial globe have an image 
of the male in the dodecahedron, of the female in the icosahedron—whereof the 
dodecahedron rests on the terrestrial sphere from the outside and the icosahe- 
dron from the inside: what will we suppose the remaining globes to have, from 
the remaining figures? For whose good do four moons encircle Jupiter, two 
Saturn, as does this our moon this our domicile? But in the same way we shall 
ratiocinate concerning the globe of the sun also, and we shall as it were in- 
corporate conjectures drawn from the harmonies, ef cefera—which are weighty 
of themselves—with other conjectures which are more on the side of the bodily, 
more suited for the apprehension of the vulgar. Is that globe empty and the 
others full, if everything else is in due correspondence? If as the Earth breathes 
forth clouds, so the sun black smoke? If as the Earth is moistened and grows 
under showers, so the sun shines with those combusted spots, while clear flame- 
lets sparkle in its all fiery body. For whose use is all this equipment, if the globe 
is empty? Indeed, do not the senses themselves cry out that fiery bodies dwell 
here which are receptive of simple intellects, and that truly the sun is, if not the 
king, at least the queen zipos voepod [of intellectual fire]? 

Purposely I break off the dream and the very vast speculation, merely crying 
out with the royal Psalmist: Great is our Lord and great His virtue and of His 
wisdom there is no number: praise Him, ye heavens, praise Him, ye sun, moen, and 
planets, use every sense for perceiving, every tongue for declaring your Creator. 
Praise Him, ye celestial harmonies, praise Him, ye judges of the harmonies un- 
covered (and you before all, old happy Mastlin, for you used to animate these 
cares with words of hope): and thou my soul, praise the Lord thy Creator, as long 
as I shall be: for out of Him and through Him and in Him are all things, cai ré 
aioOnra Kal ta voepa [both the sensible and the intelligible]; for both whose whereof we 
are utterly ignorant and those which we know are the least part of them; because there 
ts stall more beyond. To Him be praise, honour, and glory, world without end. Amen. 


THE END 


This work was completed on the 17th or 27th day of May, 1618; but Book v 
was reread (while the type was being set) on the 9th or 19th of February, 1619. 
At Linz, the capital of Austria—above the Enns. 


PRINTED IN U.S.A. 


to Seah tgationls ple : 
TRY. aii Yo Binet ott an Wacaliert sw Btal Y 
avig wily * der dicnrert if Heals Toh Ait . 
tO borkle) Hine BE wat Os Slantys Ficw a! doe 
eal oe in et nea eae sais on at 
“SEAS eave ODT “5 Asis oe eae ty oes SE Lit Qa ap | 
‘Be BHF NETS ely evil bak, fl | Ner Heal dG ees bl ying a | 
adairutit ay de eal lrvey” Fue 19 i) SHY Tarts amiotomee fit 4 
pekcitr lft acts Wit) 46 Setheltpihe tH dey Sh tard fase 
trAMndpeyiie ction ‘con paral enugt HAs Wresthiateir i alse “4 
Lorie "= 
Si if Yl wi aA Pte ed lO ARC 
ick) tartar hot ave yortieearad Ould SinetyaY ail Ty (tirtbaBionshih rade th 
iH penai' id Lata ‘atin dun bilt nytT mice Lite Astries f° mats | atti ont nett ae . 
uit Wrens it eek ‘4 MLtUIRS Lune ra bine aqua yw tier lites i 


Wi? tadiqut bets Aowose mudT ah bong a: | Tatung ye eer tat 
TA er gato acter ert tel a id 2 au nat eho Rist Anis rfl 
‘SetP ow Oo tn Ute coro tete ln ays arth by sitoly on} wnitnedivos x : i ia 
ebiMien vio Taisho ort 8 Behe THe nity ai! cy ath eH Rapadh wy 
SUL ect ted wipe Sd pedi oli eet PBA rnd | reer Verte a lt eee ew (2) 
Gils ‘Tam tet hea vel tess wl sleatisy Dith Ty ri athSel vray sult” s) age, 
MeiEfilercth Arrest right me 1 Susur, (perry Sify tee a? oly BRIA atta rit 
Wed Cy Edgy aeoety Fehr Ad TP Poe RAE Sdotrie Revell hind sey te te tel 
Liat td te lary ROP ub Mm a wlitit? bit ly dase esa 
Gao ith WL  Lassingegiey pies WANE ITE at Bekkt tell Wd SIT se LE nt CTE Heh aia ah 
Pew Stes! oath Sail) 4k) 5 Save pe nih eaHsk Gillon Ob BaSBAT | veg 
ONT We) cineud elie teed [Maar etsiolfs teri itis Yee SEH oe ees RO ry 
“fori fgtijortiinral Yi] dayne’ ree i real 
Pee) ihereatith’ iF MALT step Gaal Gad al Lau htt bite Teoh Bac 
% Yo tinas maces bY Laney Seb bed sna a Theo) sakenilacl Basra? abv 
Midis | asa , eve ae Heit eth Rivas og SRA setting tiie ar at SOME ; 
ati! 3 eid Qitrash wih ei), aaytal a si Tratrirrrneg VOL ReNSH (ress Seis ths tn : 
“pit driiioneaad ofl tad a ay AY aikido tg Laisa AG ae 
gad whalrrnih oy bye!) Poot cat BWergind bre he the oy ivi 
yale Auiverth ir 904 hr selon halite (gare ech rere Negad Weeaiae fs erika 
AP SaA PHN Ta yt Wah A Sepa al ER Laetks Toye OPE ey tie 40} ee 
aah Yer vel uta Sir Ara thh * fwWilingall sieve Me Seal Men in eel fete 
Wek ganrivsgie Ars Y antl we cink sities fey hte At WAY iis ret Or (pid 9h 
wali. ny  Uoaita WAGs pwd ne vation me eed die Sr vrai IT hhew 
is hme at wre 
we” | ? ‘? pO) edly <usemr a iw vinyl ape tea “i 
oo a 
witkanl tind 4 set vie stil to turfs rer ed silt mi. Paelonest na iw Pelt 
O00 hnendenits talses vali pig caer pare mares HGEt oni Salim boyy 
tue av a pearing FabtAw binary canta 


wa 


pases ber cake ey heath “ itt po Fate Pd err 
Le ts hie Z) se * orlvgh wat< littl vt 
= rth). Per fle 0 ho ergdtAdd theo aceocthg wits chon’ Qeiaih 

PA ctls @ itd. bowen oA ee {Graders - bur €uy gic Be7] w bales 7 tty 


ir 


= 5 


| 


: ve ‘ 
i: 
Beek Puli 
a : o e oy | PAY ) 
‘ Pi ee SMats3 7, 
abhi fr 2 gOS er oa re 


: tele a an - a AM ea £ rf eo! 
Cet EO 2 7 | i” 
to ae Ste 

VWirelAg e Ost) | 

| wetis 4 y 


ie wa 
: 4 
® 
: ‘ 

ij 
. 

~ 

“: 

: _ 

, ¢ \e 


SSS SSS SSS SS SSS SS SS SS SSS Sa 
; THE GREAT IDEAS, Volumes 2 and 3 
> 

; = : 
: FAMILY 

> ANGEL FATE 

: ANIMAL FORM 

z ARISTOCRACY GOD 

: ART GOOD AND EVIL 
z ASTRONOMY GOVERNMENT 

; BEAUTY HABIT 

Z BEING HAPPINESS 

: CAUSE HISTORY 

= CHANCE HONOR 

> CHANGE HYPOTHESIS 

* CITIZEN IDEA 

= CONSTITUTION IMMORTALITY 

z COURAGE INDUCTION 

= CUSTOM AND INFINITY 

- CONVENTION JUDGMENT 

: DEFINITION JUSTICE 

s DEMOCRACY KNOWLEDGE 

> DESIRE LABOR 

= DIALECTIC LANGUAGE 

> DUTY LAW 

= EDUCATION LIBERTY 

3 ELEMENT LIFE AND DEATH 
- EMOTION LOGIC 

> ETERNITY LOVE 

= EVOLUTION MAN 

S EXPERIENCE MATHEMATICS 
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MATTER 
MECHANICS 
MEDICINE 
MEMORY AND 
IMAGINATION 
METAPHYSICS 
MIND 
MONARCHY 
NATURE 
NECESSITY AND 
CONTINGENCY 
OLIGARCHY 
ONE AND MANY 
OPINION 
OPPOSITION 
PHILOSOPHY 
PHYSICS 
PLEASURE AND PAIN 
POETRY 
PRINCIPLE 
PROGRESS 
PROPHECY 
PRUDENCE 
PUNISHMENT 
QUALITY 
QUANTITY 
REASONING 


RELATION 
RELIGION 
REVOLUTION 
RHETORIC 

SAME AND OTHER 
SCIENCE 

SENSE 

SIGN AND SYMBOL 
SIN 

SLAVERY 

SOUL 

SPACE 

STATE 
TEMPERANCE 
THEOLOGY 

TIME 

TRUTH 
TYRANNY 
UNIVERSAL AND 
PARTICULAR 
VIRTUE AND VICE 
WAR AND PEACE 
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WISDOM 

WORLD 
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